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PLATE VI 


Shadow bands on a level snow surface, resembling snow ripples. Photo by Mr. Glen Lowry 
of Stroudsburg, Pa., made near Port Jervis, N.Y. 


Aerial view of shadow bands. Photo by Prof. Harlan T. Stetson, Harvard 
TWO PHOTOGRAPHS OF SHADOW BANDS AT THE ECLIPSE OF 
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RECENT WORK IN ASTRONOMY, AND ITS ALLIED 
SUBJECTS, IN CANADA.* 


By A. F. HuNTER 


A year ago the Council of this Society decided upon holding, 
at the beginning of the autumn session, an inaugural meeting or 
Commencement, which would take the place of the annual At Home 
held in January, and resolved that the change should take place 
at the beginning of the meetings this month. Notwithstanding the 
reluctance of many persons, so soon after the summer vacation, 
to give their attention to formal matters, the change is perhaps a 
wise one, because it has been usual for the President to give a 
review of recent work in an Address. And such a review can have 
more practical use at this time of the year, by way of furnishing 
suggestions for the work of the ensuing session, than it could have 
later in the term. Before entering upon strictly scientific matters 
it will be proper to speak of a few items relating to the Society 
itself. 

The Society suffered the loss by death, on the morning of 
May 8 last, of one of its former Presidents, Dr. A. D. Watson, who 
was widely esteemed. He had been for many years a leading figure 
at the Toronto meetings. While he had especially interested him- 
self in astronomy on its literary side, he was a zealous practical 
astronomer, too,—used a telescope, kept himself well abreast with 
the subject and made himself familiar with its latest discoveries. 
Thus, on the morning of the day when Halley’s Comet in 1910 


*Inaugural Address by the President, October 19, 1926. 
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made its nearest approach to the earth, he journeyed to East 
Toronto to get away from the smoke of the city and obtain a 
better view. He was rewarded for his trouble by having a clear 
sky, with a good view of the magnificent sight, but failed, as nearly 
everyone did, to see the head of the comet. 

The Society’s gold medal, offered annually in the University 
of Toronto for proficiency in astronomy in the final year, was won 
this summer by Mr. Frank S. Hogg. The recipient is now at 
Harvard College Observatory, continuing his work in the science. 
This medal had not been awarded since the Great War until this 
year, as no student had quite come up to the requisite standard. 

Throughout the different centres of the Society, an improvement 
is manifest in the quality and the importance of the papers and 
addresses given at their meetings. While each centre seems to 
be clearly able to take care of its own meetings, co-operation is, 
of course, needed for the production of a single Journal for all the 
centres, devoted to Canadian work in astronomy. This necessity 
is fully recognized throughout the chain of centres. Of the $2.00 
fixed as the membership fee, one-half, or $1.00 is returned to each 
local centre for its executive purposes, and the other dollar is de- 
voted to carrying on the Journal, which reaches all the branch 
centres in Canada. An improvement in the contributions to its 
pages, generally, must be apparent to any casual observer. The 
preparation of material, and editing it, is largely the work of Prof. 
C. A. Chant and his assistant, Prof. R. K. Young, and the Journal 
fully deserves to be mentioned in a foremost place in any review 
of Canadian astronomy. We have but few scientific journals in 
Canada,—that is, devoted to pure science,—and those that exist 
deserve to be fostered. The Handbook, issued annually, is also a 
noteworthy and creditable contribution to the Canadian literature 
of the subject. 

In astronomy of the present day, and in science generally, 
as in most other things, there is division of labor. One class of 
men make the measurements and observations at the eyepieces 
of the largest telescopes, and with auxiliary instruments of great 
precision and delicacy, so costly that they are rare and the expert 
workers are few. Another class of men do the fact collecting, or 
bringing together the widely scattered observations, and placing 
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them in literary form for general use. It is to the latter class that ai 
the person who undertakes to review the field belongs. 

In this review it will be convenient to begin with the remoter 
class of objects, the stars and nebulae, and proceed from one 


class to another until the nearest is reached, ending the list with a9 
the Earth itself. 


THE NEBULAE AND THE STARS 3 


Since Dr. Hubble, two years ago, at the Mount Wilson Observ- 
atory, computed the distances of a few spiral nebulae, and estimated 
the spiral in Andromeda to be at a distance of nearly 1,000,000 : 
light years, no further important advance has taken place in our 
knowledge of those distant objects. His measurements have et 
apparently been generally accepted,—at least, not disputed. me 
The independence of the spiral nebulae in relation to our own 
stellar universe, and their great distances, had been tentatively 
believed by perhaps a majority of astronomers before he actually . 
verified it. By the use of the great focussing power of the 100-inch a 
reflector at Mount Wilson, in resolving the outer parts of the nebulae 
into stars and studying their short period variables, he places the 
result amongst the facts and certainties of science. 

Before the temporary interruption caused by the Great War, 
the work of the Chief Astronomer in Canada had become extensive 
through being joined with the surveys, and some division of that 
officer’s work into parts has subsequently taken place, all under the 
Department of the Interior. With the erection of the Dominion 
Observatory at Ottawa, Dr. King, the Chief Astronomer at the 
time, became Director of the new institution, and the chief officer 
has gradually come to be named, (in the practical use of the name), 
the Director of the Dominion Observatory. After Dr. King’s 
death, Dr. Otto Klotz became Director of the Observatory, and 
Mr. R. M. Stewart is the Director since the death of Dr. Klotz. 

The publication of the “Annual Report of the Chief Astronom- 
er’’ ceased with the report for 1911, and was replaced by the 
“Publications of the Dominion Observatory, Ottawa”, of which 
so far there are nine volumes, appearing in parts. These have a 
included of late numerous studies in astrophysics by F. Henroteau, 
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The work done at the Dominion Astrophysical Observatory 
near Victoria, B.C., with the 72-inch telescope have appeared as 
the “Publications” of that Observatory itself. These have in- 
cluded some valuable and important studies by the Director, 
Dr. J. S. Plaskett, and by W. E. Harper, M.A., and others by 
members of the staff. A few of the results obtained at the Observ- 
atory, as well as some from the Ottawa Observatory, have appeared 
in the pages of the Journal of this Society. 


THE SOLAR SYSTEM. 


From ether studies, which continue to occupy some space in 
astronomical literature, generally, a slight modification in the view 
formerly held regarding the motion of the whole solar system 
comes from Prof. Dayton C. Miller of Cleveland, Ohio. Basing 
calculations on his ether drift experiments of 1925 at Mount Wil- 
son, he found the motion of the solar system through the ether to 
have a direction toward a point in the constellation Draco, right 
ascension 262°, declination +65°, which is within 6 degrees of 
the pole of the ecliptic, and which he thinks perhaps indicates some 
“dynamic significance’. Prof. D. C. Miller gave these important 
results in his Address as President of the American Physical Society, 
at its annual meeting in Kansas City, Dec. 29, 1925. (‘‘Science”’ 
April 30, 1926.) Previously, those who had studied the problem 
had mostly placed the apex of the sun’s way in the next adjoining 
constellation of Hercules. Prof. Miller adopted a rate of 200 
kilometres per second for the solar system. Others had derived 
larger rates—Dr. G. Stromberg at the Mount Wilson Observatory, 
300 kilometres per second; Lundmark, from a study of the spiral 
nebulae, 400 kilometres per second. 

So many valuable observations were made at the opposition 
of Mars two years ago, that we may reasonably expect even more 
at its present opposition, when its position is so much more favour- 
able to observers in north latitudes, notwithstanding its greater 
distance from us. 

The planetary studies of Dr. Schonberg, who observed at Pul- 
kowa and Dorpat, and published his work at Helsingfors, were 
based upon a close examination of the light from the great outer 
planets, and have led to some valuable and interesting conclusions. 
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PHOTOGRAPHS OF THE SHADOW BANDS 


At the time of the solar eclipse of January 24, 1925, Mr. Glen 
Lowry of Stroudsburg, Pa., when observing it near Port Jervis, 
N.Y., in the path of totality, succeeded in making a photograph 
of the shadow bands on a snow surface, from which one can make 
out various features of the phenomenon, and study it with some 
profit. (‘‘Science”’, May 29, 1925, p. 566). 

By a different method, with the camera turned toward the 
narrow edge of the sun, Dr. Harlan True Stetson of the Astronom- 
ical Laboratory, Harvard University, also obtained photographs 
of the ripples or lighted bands in the atmosphere, formed at the 
time, and which he described, with the method of obtaining them, 
in the ‘Scientific Monthly’’, (December, 1925, p. 654). In his pic- 
ture, the corrugated bands are dotted with very numerous granules 
of fog, or cloudlets, that thickly cover the band formations, or 
even constitute them. The whole cloudy structure seems to be 
only a short way up in the stmosphere. 

Although the shadow bands were observed at Tilbury, Ont., 
on that occasion, and perhaps at a few other favoured places 
near there, no photographic record of them appears to have been 
made in this country. For the most part clouds prevented all 
observation of the eclipse. 

A close scrutiny of the two pictures above mentioned has 
convinced the writer that in Mr. Lowry’s photograph we see the 
shadows on the snowy ground of the details in the cloudy formation 
that appears in Dr. Stetson’s photograph made at a different 
station, both the bands and the granules appearing quite distinctly 
in each picture. One shows the miniature clouds, the other their 
shadows, and the whole phenomenon is a secondary effect in the 
atmosphere. In both instances, the granules and the fluted or 
corrugated formations are quite visible. 

A total eclipse always creates some extra cloudiness, or even 
some actual precipitation, from the water vapour in the air con- 
densing rapidly. The phenomenon is atmospheric, and the apparent 
motions of the bands seem to be due to air currents. 

Experimental work has recently been conducted by Miss. A. 
Vibert Douglas at McGill University, Montreal, on the production 
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of ionization clouds, using electrical methods. Her results appear 
in the Transactions of the Royal Society of Canada, 1924, Sec. 
III, pp. 133-6, and seem to have a bearing upon the shadow-band 
phenomena. 

Sufficient data have therefore now come to hand respecting the 
solar eclipse of Jan. 24, 1925, to afford a connected view of what 
actually takes place in the formation of the shadow bands, as we 
shall perhaps see. 

As might have been expected, at the total solar eclipse visible 
in Sumatra, Jan. 14, 1926, the shadow bands were not observed 
as a prominent feature. Dr. Stetson writes regarding them:— 

“We did not attempt photographing the shadow bands in 
Sumatra as we had a full program otherwise. Casual observation 
showed that they were not as conspicuous as in the winter time 
(Jan. 24, 1925)". This agreement of observation with predicted 
phenomena, or the expectation of what would occur, arises from 
the tropical position of the Sumatra eclipse, the condensation of 
water vapor taking place at a very much greater altitude in the 
atmosphere. 


WHAT ARE SHADOW BANDS? 


The main question—-what are shadow bands?—still awaits 
a satisfactory solution. Various experimenters have produced the 
bands artificially, either by searchlight, or some other laboratory 
appliances. But the problem seems to require something more than 
the convection currents in the air, the assumption of which is 
insufficient in itself to answer all the questions involved. Accord- 
ingly the suggestion has often been made that shadow bands are 
at least partly due to diffraction past the moon’s limb during the 
eclipse. It has been generally observed that the direction of the 
bands is according to the place in relation to the path of totality, 
that is, parallel to the edge of the moon. And of course, the bands 
following totality are the reverse of those before it. This has been 
a matter of observation at various eclipses. Encouraged by the 
generality of this phenomenon various astronomers, including 
Mr. A. F: Miller, a former president of this Society, hold the view 
that the shadow bands are somehow originated by diffraction past 
the edge of the moon. 
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But diffraction bands, having the distance of the moon for 
their origin, would be greatly wider, if ordinary light were the 
producing cause, than what are actually observed. Thus, for 
example, could sodium (yellow) light be used, there would be a 
separation between bands of about six metres. So waves of ordinary 
light are out of the question, and it becomes necessary to seek 
amongst those having much shorter wave-lengths. The rays in 
the gap between the longer cathode rays and the short ultra- 
violet ones have the lengths required to give diffraction bands 
of the observed width of something less than two feet, and they 
are at the extreme verge of penetrability through the air. 


Prof. Wynn Williams, of the University of North Wales, in 
recent researches, finds rays in the gap between the longer cathode 
rays and the shortest ultra-violet rays that have considerable 
penetrating power in air, but are stopped by solids. In this region 
of the spectrum the waves belong to one of its least known parts; 
they have also been investigated recently by Prof. K. T. Compton 
and C. H. Thomas of Princeton University. These rays could 
therefore give rise to the clouds that produce the phenomena, as 
secondary effects, of course, the waves themselves being beyond 
the range of ordinary visibility, but intense enough to penetrate 
the atmosphere, which screens everything in the spectrum beyond 
them. 


This effective radiation reaches the Earth with the velocity of 
light. The advancing shadow of the moon passes forward at the 
rate of from 25 to 36 miles a minute, according to circumstances, 
a rate that is insignificant in comparison with the velocity of 
radiation in ether. 


If the bands in any respect are due, therefore, to diffraction, 
it must be from very short waves. Diffraction of solar light at 
sunset and sunrise was at one time believed, extensively, to be the 
cause of sunset and sunrise colors, and by some still believed to 
be their cause. 


Diffraction, therefore, may be at least one of the indirect 
causes of the corrugated forms taken by the ionized cloudlets. 
The diffraction hypothesis will doubtless continue to have oppon- 
ents, but the recent results tend to strengthen the view. 
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SUNSPOTS AND RAINFALL 


Formerly, the Moon held the first place in popular attention,— 
its phases determining the right time when people should plant 
their garden seeds, or do a multitude of other things. But in 
more recent years, the sun and its cycle of spots has claimed the 
greater amount of attention. In truth everything does depend 
upon the sun. 

Studies in solar physics continue to occupy a prominent place, 
as heretofore. The calculation made tentatively by Prof. G. H. 
Peters of the U.S. Naval Observatory, of the time of the last 
sunspot minimum as having been reached in the latter part of 
February, 1923, has been revised by others who believe the min- 
imum occurred some months earlier. At any rate, we have now 
(toward the latter end of 1926) entered far enough into the new 
sunspot cycle to see a definite increase in the number of successive, 
rotating areas of depression in our own atmosphere. 

The fluctuations of the mean annual rainfall at some particular 
place, and some approach therein to a recurring cycle in keeping 
with the sunspot cycle of about eleven years, can only be ascer- 
tained by examining the figures over a long period of years. Some 
pioneer work in this line of enquiry was done by the late Andrew 
Elvins, the first President of this Society in its initial form of forty 
years ago. As long ago as 1869, he had arrived at the conclusion 
from observed data that there are two pulses of rainfall in a single 
eleven-year cycle, as we learn from a Note in the Transactions 
of the Toronto Astronomical Society for 1901, p. 144. Again, 
in a paper published in the ‘‘Proceedings of the Canadian Institute”’, 
Vol. 2, pp. 115-9, he charted the rainfall at Toronto from 1840 to 
1902. The rainfall fluctuations do show some tendency to follow 
the sunspot cycle, (the position of the planet Jupiter being used 
as the determining factor), but the resemblance is remote, and the 
dependence of one upon the other is not striking. Such wide 
extremes as those of above 43 inches at Toronto in 1843 and 1878, 
and below 18 inches in 1874 and 1887 have actually occurred. 
It is possible to understand why this wide variation occurs here 
in the lake region, and as the question is of prime importance 
it will be considered subsequently in its bearing upon the levels 
of the great lakes. 
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After Mr. Elvins, Sir Frederic Stupart discussed the subject 
in a paper bearing the title ‘Rainfall and Lake Levels’, read 
Feb. 22, 1896, and published in the Transactions of the Canadian 
Institute, Series IV, Vol. V. In this paper, with much pains 
he compiled the rainfalls for all the great lakes, as Mr. Elvins had 
done only for Lake Ontario at Toronto. The data Sir Frederic 
Stupart gathered showed that “‘the rainfall has not been appreciably 
affected by deforestation”’, in the preceding quarter of a century, 
at least. Also, that speaking of Lake Superior as an example, 
‘the mean annual level (of the lake) does not seem to respond ... . 
to the changes in the mean annual rainfall’’, most probably because 
“the rainfall curve is not based on sufficient data’. And finally 
that ‘‘years of small precipitation in the (Lake) Ontario, region 
are usually years of heavy precipitation over the Upper Lakes’’. 
Later, Sir R. F. Stupart gave a paper on “‘Sunspots and Precipit- 
ation’’, which appeared, with curve-tracings, in the Transactions 
for 1901 of the Toronto Astronomical Society. 

The result obtained by him in regard to deforestation was 
unexpected, as the opposite was generally held to be true. Trees, 
with a vast quantity of surface on their leaves, condense moisture, 
especially in the night time, very largely, so that a forest is always 
the source of marshes and streams. Hence, the removal of the 
forests in the vicinity of the great lakes was believed to have 
changed our water supply from the atmosphere. This belief as 
to forests was held as long ago as 1778 when Gilbert White wrote 
his famous ‘‘Natural History of Selborne’’, and was not a new belief 
even at that time. As our Canadian electrical supply comes from 
the sun through the medium of the rainfall, much more immediately 
from the sun than when derived from the coal mines in deposits 
formed many millions of years ago, it may be profitable to examine 
a few of the causes that complicate the problem. 

To examine just how far, here in the great lakes region, our 
industrial welfare is dependent upon solar physics, or something 
closely akin to it, will not be mis-spending time. Users of the 
harbors around the lakes have been complaining of low water for 
two or three years past. The lake levels have been lower than for 
many years, and the larger boats have had some navigation diffi- 
culties. 


¥ 
4 
| 
= 
3 


318 A. F. Hunter 


THE EArTH’s ATMOSPHERE 


The course of this review brings us now to studies of the Earth 
itself and its atmosphere, which the remarks on rainfall and solar 
physics have already anticipated. The average citizen comes more 
directly into contact with this class of studies, and especially 
with the atmosphere through the daily weather forecasts, than 
with any other branch of the field of work covered by this Society. 

Although such studies are not numerous, at any time, those on 
climate and meteorology have shown an increase in the past year, 
doubtless because of the growing attention given to aerial navig- 
ation. For this reason, it should occupy our attention. 


At no period of its existence has the Canadian Meteorological 
Service lacked public confidence to the same extent as that of the 
United States a few years ago. The results of the department are 
published regularly in the ‘“‘Monthly Record of Meteorological 
Observations’’. 


Living, as we do, in the neighborhood of the great lakes, it will 
be profitable to make a digression here to trace clearly their im- 
portant position, and at the same time examine the difficulties 
of our weather problems. The large area of high ground toward the 
western edge of North America is a real factor in determining the 
direction of storm tracks—not the only factor by any means, 
yet one that has its due influence and importance. This high 
territory is shown by an altitude map of the continent. The 
line of 5,000 feet altitude and upward, covers a very extensive 
area,—nearly 1,000 miles wide at some places. Any place on this 
area has its barometer readings five inches and more below those 
of sea level. This represents more than twice the fall or change 
on the barometer during most or all of the greatest storms that we 
experience. Can anyone therefore doubt the influence of this 
high area on the storm tracks, when it is remembered that the area 
(larger than any of the depressed areas in the atmosphere) is fixed 
in its place on the earth’s surface? As the drift of the atmosphere 
in the same latitudes as the area itself is toward the east, we, in 
the region of the great lakes, are therefore situated on the leeward 
side of this Great Divide, (using this term somewhat more broadly 
than when it is generally used). Some storms do come direct 
across the high area, but all the most important reach us along its 
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two sides. It gives even a turning to some passing westward 
at first along the Tropic of Cancer. A similar high area—the 
Thibet or Central Asian—even larger, occurs in the eastern con- 
tinent, and makes a turning of storms northward in the same way, 
giving the dreaded typhoons along the coast of eastern Asia a north- 
ward turn. In general, the area in question deflects the rotating 
depressions from southerly parts toward the north. 

Similarly, the storm depressions passing along the northern 
parts of this continent are governed by the same high ground. 
The Rocky Mountains are narrower northward; these mountains 
are sufficient to influence the atmosphere drift, but to let pass the 
Chinook winds with which everyone acquainted with Alberta 
is familiar. Southward, even so much as these winds cannot pass 
the Great Divide. The basin of low ground at sea level occupied 
by Hudson’s Bay deflects depressions toward the south. Thus 
the basin of the great lakes becomes a meeting place of two import- 
ant storm tracks, and this meeting of the two tracks is one of the 
outstanding features of the region. In other words, situated on 
the leeward side of the Great Divide we have a set of climatic 
conditions peculiar to the region. 

That this region has exceptionally high precipitation in com- 
parison with many other parts of the continent, is shown not only 
by the rainfall map but also by the large surplus drainage sent 
from the watershed or basin of the great lakes down the St. Law- 
rence, and also down the adjacent sources of the Mississippi, the 
Winnipeg and Nelson system, the Hudson and several others. 
From our position at the meeting place of storm tracks, we are 
guaranteed a liberal supply of surplus water; but, of course, the 
natural reservoirs of the great lakes can easily be changed by 
artificial drainage with modern engineering methods, and the 
surplus sent down the Mississippi instead of the St. Lawrence. 
Yet the natural supply before it reaches the great lakes them- 
selves can still be utilized. This is, to some extent, what is being 
done now, as nine out of the eleven systems of distribution of 
electrical supply, operated by the Hydro-Electric Power Com- 
mission of Ontario, utilize water power from sources above the 
levels of the great lakes, and before reaching them; ut the 
Niagara and the St. Lawrence systems furnish at present thema in 
supply. 
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While the great lakes region is the meeting place of storm 
tracks, it is therefore the place where the depressions sometimes 
readjust themselves, or even break up. The significance of its 
position in respect to meteorological phenomena, as the originator 
of rainstorms and thunderstorms, has long been known. 

As an example of this, the statement of the weather conditions 
sent out by the official Bureau at 10 p.m. on the night of July 12, 
1926, contained this remark: ‘‘A depression which developed over 
the Great Lakes yesterday, has passed quickly eastward to the 
Lower St. Lawrence Valley, causing showers in Ontario and 
Western Quebec". Such a marked depression might arise from 
the junction of two others, neither of which had sufficient depth 
to produce stormy weather; and after their union, could become a 
producer of serious storms. 

At other times, a high-pressure area from one direction meeting 
with a low-pressure area from the other, cancel each other, and 
the threatened storms disappear, making puzzling conditions for 
the weather forecasters. Being at the meeting place of two storm 
tracks, as already mentioned, it is possible to see now, from both 
primary considerations and from concrete example, how uncertain 
must be the climate in such a position as we occupy, and how it 
must always be difficult to predict weather in such a piace long 
beforehand, or to find regularity in the rainfall curve. A place or 
region not so situated would perhaps show more correspondence 
of the rainfall with solar cycles of eleven years. 

It would appear that drainage conditions of the great lakes 
basin have not always been as they are now, nor have they been so 
for any great length of time, speaking geologically. The geologists 
claim that when Niagara Falls was cutting the lower part of the 
gorge, which is much narrower than the part above, the narrowness 
of the former part was due to a smaller Niagara River—the surplus 
drainage of the upper lakes having been much less than now, for 
some reason not yet well understood. Granting the correctness 
of this view, a tilting of the Earth’s poles and axis by a very small 
amount could easily cause the change. 

The great lakes, which probably cluster so closely together 
for geological reasors as much as for meteorological ones, by their 
large precipitation afford a surplus supply of water for power,— 
which is one of the great natural resources of the region. This 
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will remain as long as the conditions of physical geography remain 
the same as at present without interference. 

As already stated, various studies of value on the atmosphere 
and its conditions have recently appeared ,—one by John Patterson, 
M.A., F.R.S.C., on “The Importance of Water Vapour in the 
Atmosphere” having been read before this Society March 23rd 
last, and published in the July-August number of the Journal. 

Reports on Terrestrial Magnetism of work done by the Dom- 
inion Observatory appeared in the Chief Astronomer’s Annual 
Report and in the later publications of the Observatory. The 
results obtained at Agincourt, Ont., and at Meanook, Alta.’ 
under the Marine Department, are issued in publications separate 
from the ‘“‘Monthly Record of Meteorological Observations”’. 

In a similar way, studies in Seismology have been published 
at various times. The St. Lawrence earthquake of Feb. 28, 1925, 
and its successors, having been of unusual intensity, it has promoted 
some valuable research in this line. The sketch by Ernest A. Hodg- 
son of ‘‘Seismology in Canada”’, in the June number of the Journal, 
gives a very useful and instructive account of the work being 
carried on in that branch. 

Astronomical work enlarges with every succeeding year, and 
the numbers of the workers increase; such a task as viewing the 
whole field becomes yearly more difficult. In this review, a few 
references to foreign work have been made in order to correlate 
the Canadian work with them, but for the most part this survey 
of recent astronomical activities has been confined to Canada. 
To include, as I have done in this review, the subjects allied to 
astronomy, made it necessary to limit the geographical range of 
these remarks, thus giving more practical value to the survey. 
This Society is the proper medium, and this is the occasion, when 
we should discuss progress, and become familar with the work 
in our own country, first of all. If therefore, I have limited the 
range, in order to keep within moderate bounds, and confined 
myself to what has been done in Canada in astronomy and its 
associated sciences, it is with some confidence that the limitation 
has been made because the activities throughout the world, if 
all mentioned, would far exceed the bounds of a single address, 
and the need of the limitation will naturally appear. 
Toronto. 
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Two Sonnets 


A NIGHT IN OCTOBER 


Fled is the Scorpion; the Archer bold 

Sinks to obscurity upon the verge, 

With clusters, starry trails and fires that merge 
Into oblivion ; the beads are told 

Of summer’s southern rosary ; a cold 

And restless wind moans thither like a dirge 

Full o’er the barren south, and seems to urge 

Dull Capricornus onward to the fold. 

Gone all those loves that decked the youthful year 


When warmth and song o’erbrimmed each fervid eve, 

And in their stead black hollows void and drear, 

Broad tracts where only faintest lights relieve 

The gloom, save lonely Fomalhaut’s frail cheer 

Of pulselike twinkling while the gusts bereave. 
Geoffrey Bell. 


THE PLEIADES 


Oh, pale, tall ladies in the evening glow, 
Tripping demurely up a glass-blue stair, 
Smiling at me across the darkling air, 

Nodding at me serenely as you go; 

You lovely ladies that I do not know, 

Why do you smile at me and strangely stare 
With bright, pale faces through wild opal hair 
Streaming on winds that never cease to blow? 


Then, as the hours burn out, you seem to tire; 
Your shadowy figures that I cannot see 
Turn where a purple stair sweeps down the West, 
You swim in a descent of stately fire; 
And still you stare and nod your heads at me, 
As though we shared some ancient, solemn jest. 


i 
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ROBERT M. WALLACE 


By Avsert R. Hassarp 


Robert Miller Wallace of Toronto, a most enthusiastic member 
of the Royal Astronomical Society of Canada, died on Saturday, 
the 24th of July, 1926. Mr. Wallace was of Scottish ancestry, 
but was born on this side of the Atlantic Ocean. In his earlier 
years he maintained an uncertainty, in so far as his domicile was 
concerned, between Canada and the American republic, eventually 
giving his decision in favour of the former. He was a contracting 
carpenter by occupation, and in that capacity left his mark, in 
no indifferent manner, upon many of the residences and public 
buildings of Toronto, where he spent most of his maturer years. 
In his occupation he displayed the customary characteristics of the 
proverbial Scotchman, and by reason of habits of thriftiness, 
carried in no sense to an extreme, he was able to lay away a 
modest competence against his declining years. But a sudden 
illness, followed by surgical operations, visited him while he was 
yet able to attend to his business affairs, and he was mowed down, 
somewhat unexpectedly, by the grim reaper, who visits alike those 
who are in thé midst of life’s activities as well as those who have 
been spared to rest when the sun for them is slowly creeping 
towards the horizon. 

In the occupation of carpenter and builder, one would fancy 
there is little room left for the romantic, yet to Mr. Wallace 
life always held much of inspiration and of interest. At an early 
period he became connected with the Royal Astronomical Society 
of Canada, and became a regular attendant at its fortnightly 
meetings. He never sought office, nor did he ever deliver any 
prepared paper at any of its meetings. But he played a conspicuous 
part in the activities of the Society in so far as its ‘practical’ 
manifestations were concerned. 

More than twenty years ago he became deeply engrossed in 
the construction of instruments to enable observers to sweep the 
vast ambit of the Heavens in order to wrest from nature those 
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superb secrets which are so jealously guarded from all but the 
most persevering. In his carpenter’s workshop in the rear of his 
Church Street home he procedeed, amidst the well-known cus- 
tomary difficulties, to fashion for himself and for his friends 
telescopes of various apertures and various sky-searching capacities. 
Without even the most elementary machine to assist him, he pro- 
gressed in this activity with indomitable industry and unflagging 
zeal. A rough bench at one side of the upper story of this 
building, was the pedestal on which his greatest efforts were con- 
summated. Mirror after mirror he ground, to something near per- 
fection, and when the final touch of patient hands had been given 
to the carefully ground, polished and figured disc of glass, he 
would proceed to the construction of a tube to contain it, diagonal 
mirror to complete it, and wooden pillar and mount to support it. 
On many occasions I have been permitted to view the heavens 
through instruments which were skilfully fashioned by his hands. 

On one occasion, because of some commercial failure, he became 
the possessor of a large number of elliptically shaped plates of 
glass, some of them an inch thick, some slightly thinner, and many 
of these he cut into discs, using in this difficult task the most 
elementary appliances, even smoothing rough surfaces by grinding 
them on a hand-turned grindstone,—a work involving special care 
and great perseverance, for thick glass is slow in yielding to the 
modest influence of the carpenter’s grindstone. The smoothing of 
the edges completed, he would then proceed to hollow out the 
surface, a work also done by hand, and out of the disc would 
evolve a reflecting telescope mirror of good finish and excellent 
performance. Many of these discarded plates of glass, which 
had been fashioned originally to serve as shining platforms for 
counter scales, became transformed by the magic of Mr. Wallace’s 
patient touch into essential portions of instruments, whose purpose 
was to sweep the skies and communicate their mysteries to anxious 
inquirers upon this terrestrial sphere. Indeed, I, myself, still 
retain some of these sheets of glass, presented to me many years 
ago by Mr. Wallace, who not only gave me the abandoned scale- 
platforms, but likewise gave me his confidence in many of his 
astronomical studies, achievements and delights. 


° 

| 

| 

| 

| 
2 


JR 


Robert M. Wallace 325 


Not only was Mr. Wallace accomplished in grinding these glass 
mirrors for Newtonian reflectors, but he essayed more ambitious 
endeavours as well. He attempted with considerable success the 
construction of Gregorian reflectors as well. As is known, these 
require the penetration of the thick glass mirror and the shaping 
of a hole at its centre. Piercing of glass an inch or over in diameter 
is to the amateur a task of great difficulty, and is accomplished 
only by lavishing boundless patience upon it. The operator bends 
over the delicate object, and by means of a tiny metallic cylinder, 
and the use of large quantities of some abrasive substance, such 
as sand, emery powder or carborundum, tirelessly revolves the 
cylinder against the glass until eventually it is penetrated, and a 
disc with an ample hole in its centre is the result of the indefatig- 
able labour. But here the difficulties but begin. Another mirror, 
with its surface delicately suited to the surface already prepared, 
must be produced, and the whole adjusted with exquisite skill, 
until a telescope, in some respects superior to the instrument of 
Newtonian construction, results. With such a mechanism, the 
Gregorian telescope, Mr. Wallace constantly delighted to experi- 
ment. His products in this regard, while not boasting of any 
supreme perfection, bore ample testimony of his usefulness as a 
student of the genial science and his handicraftmanship as an 
artificer in its more laborious phases. 

Mr. Wallace also ventured upon the task most difficult of all, 
namely, that of manufacturing objectives. He frequently as well 
as honourably boasted, and not without reason, that he had taken 
the base of a flint glass, found, of course, in common domestic 
use, and had proceeded through the painstaking and arduous pro- 
cess of transforming it into one of the parts of a telescopic 
objective. In this connection he generally would have a brass 
turner form for him a tool for hollowing out or otherwise fashion- 
ing the surface of the glass. Some of these products of his 
enterprise and devotion were brought by Mr. Wallace to a toler- 
able state of completion. 

Mr. Wallace entertained many interesting theories of cos- 
mogony, and was not at all satisfied with the extreme opinions 
ventured by even the most cultured scientists regarding the trouble- 
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some problems which modern investigation has been thrusting upon 
mankind in recent years. Yet, with but an amateur’s apparatus, 
and a novice’s opportunities, he displayed a keen interest in these 
subjects, and where recondite conclusions palled, he inquired and 
strove to attain conclusions for himself. He was the reverse of 
dogmatic, and met speculative questions modestly and with many 
reservations, confident that even if he found himself wholly unable 
to explore the vast expanses of space and respond conclusively to 
every mighty interrogation which infinity spread before him, there 
would come a tinie when all these secrets might be amply explained, 
and until then he was content to qualify his responses, and abide 
the dawning of the day when the transcendent explanation might 
be made. 

He gladly shared his scientific possessions and knowledge with 
others, and always sought opportunities to render service to 
Astronomy. He made no profession to originality. But when it 
was an eclipse of one or other of the heavenly bodies, the 
occultation of a star, the announcement of one of the rare occasions 
when Jupiter, when viewed through the telescope, seemed to be 
bereft of all of its glittering family of moons, the glowing of a 
comet with its fragile flow of nebulous matter streaming from its 
nucleus as if hunted afar by the sun, the falling of some luminous 
body poised in the vaults of night, the faint ethereal beauty of a 
silent auroral display, Mr. Wallace talked with the passionate 
interest of an enthusiast. Even in the hospital, and when the end 
was not far away, he spoke of his cherished ambitions, and the 
thrilling desire which was coursing through his mind to contribute 
further service to the noble science which he loved. 

His wife pre-deceased him by some years, but three children, 
a son, Albert, in California, Mrs. Pace and Mrs. Truax, of Toronto, 
survive, and mourn the loss of one who gave the best that he 
possessed to his friends and his loved ones, and who helped to 
popularize a mighty science, which too often appals by its majesty, 
when it should only beckon and appeal, because of its beauty and 
its grace. 

Toronto, Ont., 
July 29, 1926. 


GRAVITY AND ISOSTASY 


By A. H. MILLER. 


During the past winter the writer has been engaged in preparing 
for publication the results of a number of gravity stations that have 
been established by the Dominion Observatory in the province of 
British Columbia. For the purpose of comparing the anomalies 
obtained by different methods of reduction it was desired to obtain 
for each station the separate correction for the entire topography 
of the earth’s surface. The computation of this correction has 
brought out a number of interesting facts and as they illustrate 
in a simple manner the truth of the important principle of isostasy, 
a few remarks on the subject are considered worthy of publication. 

Gravity observations have been used as a test of isostasy 
by comparing the theoretical values of gravity determined by com- 
putation with the actual values resulting from pendulum observ- 
ations. Not the least important results of gravity work are the 
anomalies. For any particular place the gravity anomaly is the 
difference between the observed value and the computed value. 
When the observed value is greater than the computed value the 
anomaly is positive and an excess of gravity is indicated. Different 
anomalies for the sare place may be obtained according to the 
method that has been used to compute g; but a comparison of the 
anomalies gives an indication of the relative values of the methods 
that have been used. 

In making a theoretical computation of gravity based upon the 
theory of isostasy for any portion of the earth’s surface, two 
corrections are applied to the adopted formula for g at sea level, 
first the altitude correction to take account of the decrease in gravity 
due to elevation, and secondly the correction for topography and 
compensation. According to the theory of isostasy the continents 
are floating on the outer crust of the earth and the ocean floors are 
depressed because they are composed of heavier material. At a 
certain depth belcw sea level (the depth of compensation) it is 
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supposed that a state of equilibrium is reached between the press- 
ures exerted by the weights of different columns of material in the 
crust. Consequently material in the earth above sea level is 
balanced or compensated by an equivalent deficiency in material 
below sea level and the oceans are balanced by an excess of material 
to make up for their lower density. These deficiencies or excesses 
are called the compensation. The computation of the effect on g 
at the gravity station of the compensation in the entire crust of 
the earth forms part of the second correction mentioned above. 
To get the whole effect we must add to it the correction due to 
topography. In so far as gravity reductions are concerned, topo- 
graphy includes all matter above sea level and for the oceans is 
represented by the difference that results from their being filled 
with water (of approximately unit density) in place of material of 
the average continental density—2.67. To determine the isostatic 
corrections each gravity station must be treated separately. Once 
the average elevations or sea depths have been read from the 
maps for zones extending from the station to the antipodes, the 
corrections may be readily computed from published tables. 
Perhaps the best known tables, at all events those that have been 
used in Canadian gravity work, are those of Hayford and Bowie. 

The accompanying table gives the corrections for the various 
zones for topography and compensation for two stations in British 
Columbia, Vancouver near sea level, and Paradise Mine, our 
highest Canadian gravity station, located in the Purcell Range 
about 300 miles east of Vancouver. Fifteen of the zones are lettered 
and the remaining eighteen are numbered. The second column in 
the table gives the approximate distance from the station of the 
outer radius of the zone and the following columns give, for both 
Vancouver and Paradise Mine, the corrections for topography, the 
corrections for compensation and the combined corrections for 
topography and compensation for each zone. The unit in terms 
of which these corrections are expressed is 10~* dynes. With the 
Hayford and Bowie tables it is possible to obtain, in conjunction 
with the maps, the separate corrections for topography and com- 
pensation for zones A toO. For zones 18 to 1 it is possible to obtain 
directly from the tables only the combined corrections for topo- 
graphy and compensation. The separate corrections for topography 
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for zones 18 to 1 have been obtained from the values given in the 
last column of the table below for each station and by making 
use of certain factors given on page 25 of special Publication No. 10 
of the U.S. Coast & Geodetic Survey (the Publication containing 
the reduction tables). The relation of the factors at the centres 
of zones has been taken to determine the separate corrections. 
It is realized that the corrections so obtained for distant topography 
are approximations but they are sufficiently accurate for the 
present purpose, especially as to some extent the same approxim- 
ation applies to each station. From some computations that have 
been made it appears that the errors of the approximation are due 
more to inaccuracies of map readings for some distant zones than 
to the method itself. 

Let us now proceed with a comparison of the observed values 
of gravity with computed values for the two places. The Obser- 
vatory can supply us with the observed values of gravity, which 
with respect to the Canadian base station at Ottawa, are perhaps 
correct to within about .002 dyne. The observed or actual value 
for Vancouver is 980.949 dynes and for Paradise Mine 980.468. 
In order to compute g by whatever method we may adopt, it is 
necessary to assume a formula for gravity at sea level. Bowie’s 
formula 

Yo= 978.039 (1 + .005294 - .000007 2¢) 

is known to represent very well the variation of gravity in Canada. 
In this formula yz is the value of g at sea level and ¢ is the latitude. 
If we apply to the formula the altitude corrections and the isostatic 
corrections already mentioned, we obtain for Vancouver the com- 
puted value 980.950 dynes, and for Paradise Mine 980.476 dynes. 
The agreement between observed and computed values is very 
good. This is so much to be said for isostasy. The isostatic 
anomalies are —.001 dyne and —.008 dyne. 

As already explained, according to isostasy the crust under 
neath the continents (down to a depth of about 60 miles) is lighter 
than under the oceans. That is the assumption our isostatic 
anomalies depend upon. If isostasy is not true, then a reasonable 
alternative would be to suppose that underneath the land and the 
seas the density is the same. We should have in this case a rigid 
crust supporting the continents as overloads and the oceans as 
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TABLE OF CORRECTIONS FOR TOPOGRAPHY 


AND COMPENSATION 


Vancouver 


Paradise Mine 


Correction for 


Correction for 


| 

|, alts]. tal i 
£ | | | eel | | 
6 | 6 & | EO 
A 2 yards + 2 0 + 2+ 2 0o;+ 2 
B + 4 4 | + 62 0 | + 62 
ec) 2 0 |— 2 || + 163| — 4 | +159 
D| 64 “ 0 0 0 || + 303| — 6 | +297 
E | 1400 “ 0 0 0 || + 463 | — 16 | +447 
1.4 miles | 0 || + 431 | — 20 | +411 
0 || + — 25 | +261 
0 0 || + 207| — 34 | +173 
I 0 0 | 0 || +177) — 55 | +122 
J 4 |- 4 || + 103| — 67 | + 36 
| — 25 || + 54) -156 | —102 
M| 365 “ | — 9| -108 | -117 || + 55] —335 | —280 
N/ 61.5 “ + 3] —100 | -107 || + 24] —se7 | —323 
O | 103.5 “ 0| -141 | -141 0| -273 | —273 
-33 || + 3} | — 50 
* | + 2 — 34 | + 3) — 46 
1; 62“ | + 2 i+ 4] | — 42 
+ -19 || + 4} | — 39 
a1“ | + 3 -18 | + 6| | 44 
— 31 + 15} | — 62 
12} 20" | + 7 || + 13] | — 33 
11); 543“ | + 6 - 8 + 18) — 23 
|— 2 | + 17) 12 
9| | 43 5 i+ 8 
8| 1428 “ — 45 + 9 || — 30 | + 6 
7\ 1843 “ — 45 + 5 || — 45 + 5 
6| 2484 “ — 106 + + 6 
5| 3527 “ — 242 + 9 || — 242 i+ 9 
4| 4987 “ — 322 | + 7 || — 276 + 6 
3| 7306 “ — 219 | + 3 || — 219 + 3 
2| 10423 “ — 199 + 2 || — 199 + 2 
1 | 12430 “ — 110 + 1 || — 110 + 1 
Total —1273 —540 |) +1295 | | +656 
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underloads. It is simple to compute the value of gravity on this 
basis once we have the separate corrections for topography. We 
take no account of compensation as for the moment we are denying 
its existence. We simply correct the values resulting from Bowie’s 
formula for altitude and topography. Carrying out this computa- 
tion, the rigid crust hypothesis gives us for Vancouver 980.877, 
and for Paradise Mine 980.540, results which differ enormously 
from the observed values. To make matters worse, our computed 
values on the basis of a rigid crust give a value for Vancouver 
which is altogether too small and for Paradise Mine a value much 
too large. 

Let us now go back to the table for the two stations and con- 
sider why it is that our correction for topography has made the 
computed value (on the rigid crust hypothesis) for Vancouver 
so small. Most of the correction for topography for Vancouver is 
for zones over 2000 miles distant from the station, and this correc- 
tion is mainly due to the oceans. At first sight it is rather surprising 
that the effect of the topography of all the mountains at Vancouver's 
back door is not so effective in determining what gravity is at that 
place as is the water in the oceans of the distant hemisphere. 
For stations at sea level and most stations at moderate elevations, 
the effect of-the oceans from 1000 miles out to the antipodes ex- 
ceeds the effect of local topography. This is largely a question of 
inclination and quantity. The farther we get away from the station 
the greater proportionately the vertical component of the attraction 
becomes and we must also remember that if all the land above sea 
level were thrown in the oceans it would only displace about one 
twentieth of the water of the seas. Notwithstanding the fact 
that the magnitude of this correction makes our computed value 
so small, we cannot deny that the oceans do exert a diminished 
attraction at the station due to their lower density. There must 
then be something to offset their influence. The compensation 
of the oceans (the presence of abnormally heavy material under 
the water areas) presents itself as a most natural solution of our 
difficulty. This conclusion is strengthened when we consider 
the result at the next station. At Paradise Mine, high up in the 
mountains, the correction for local topography is large and about 
double that for distant topography. The correction for local topo- 
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graphy is in this case mainly due to the attraction of the mountains 
beneath the gravity station. Its existence cannot be denied, but 
if its full value is applied our computed value comes out much too 
large, pointing again to compensation, and this time to the com- 
pensation of the mountains. 

The illustration that has been cited here could be duplicated 
for many pairs of gravity stations in different parts of the world. 
A comparison of the rigid crust anomalies with the isostatic anom- 
alies for four groups of stations is shown in the following table. 
Two of these groups are in Canada. The group in the United 
States consists of eight stations selected to cover the whole country. 
They are Long Beach, San Francisco, Pike’s Peak, Colorado 
Springs, Kansas City, Key West, Washington and New York. 
The four stations in Europe are Gornergrat and Villeneuve in 
Switzerland, Stilfserjoch, Austria, and Scharfenstein, Germany. 
As may be gathered from the table, the rigid crust hypothesis 
seldom gives us a value of gravity that agrees with the actual value. 
In cases where the correction for local topography is small, this 
method will give values of gravity that are also too small. As 
the local topography increases the value of gravity obtained by the 
method also increases until a result much too large may be ob- 
tained. As topography usually increases as the elevation of the 
station increases, the tendency for the computed value on the rigid 
crust assumption is to increase for stations at higher elevations. 
This, no doubt, explains the comparative smallness of the rigid 
crust anomalies for the four European stations that were selected. 
None of these stations is at an elevation less than 1000 feet. If 
more stations were selected in Europe, the average anomaly would, 
no doubt, be larger. 

The isostatic anomalies for stations outside of Canada were 
taken from Special Publications Nos. 40 and 99 of the U.S. Coast 
and Geodetic Survey. The separate corrections for topography 
for distant zones for all the stations were computed by Mr. W. C. 
Jaques of this Observatory. 

There are other methods of computing gravity, but as far as 
the writer knows there is no known method that can predict the 
value of gravity at an unknown point on the surface of the earth 
as well as the isostatic method does. Two well known methods 
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of reduction are the free air and Bouguer methods. These methods 
do not, and cannot, be expected to give reliable results as they 
both leave out of consideration corrections which for topography 
alone are usually more important than those that they make. 
Any method of gravity reduction to warrant Our confidence must 
certainly take account of the most distant topography. 


Average | Rigid Crust Anomalies | _Isostatic Anomalies 
Elevat- |Mean with |Mean with- |Mean with |Mean with- 
Group of Stations | ion in regard to | out regard | regard to | out regard 
Metres sign to sign sign to sign 
dynes dynes dynes dynes 
Twenty stations in 
British Columbia 815 — .067 044 + .003 .013 
Nine stations in | 
the Mackenzie 
River Basin 149 + .065 .065 .000 .009 
Eight stations in 
the United States 823 + .121 .153 + .002 .019 
Four stations in 
Europe 1694 + .036 .056 + .023 .030 
Mean of all, giving unit 
weight to each group + .039 .080 + .007 .018 


While, strictly speaking, gravity results cannot be regarded 
as a proof of isostasy, they nevertheless do give every indication 
that isostasy is, as is now generally acknowledged, a fact. On the 
other hand, gravity results give every indication that the rigid 
crust postulated in this paper is not a fact. 

Since this paper was written there has reached the Observatory 
library a publication entitled ‘‘Untersuchungen iiber Schwerkraft 
und Isostasie’’ by W. Heiskanen. This shows that Heiskanen 
has made the complete topographical reduction for some 71 stations 
in the region of the Caucasus mountains. The method by which the 
reduction was made is the same as that adopted by the writer, 
except that Heiskanen has made use of a more accurate method 


for the computation of the topographical effect for zones numbers 
1 to 7. 
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Separating 63 of the stations in the Caucasus in five groups whose 
average elevations are 21, 427, 408, 1309 and 1469 metres, Heiskanen 
finds what have been termed in this paper the rigid crust anomalies 
to be respectively +.099, +.056, +.030, +.005 and +.009 dyne. 
These results illustrate again the tendency of the rigid crust 
anomalies to decrease very markedly with elevation. Although the 
isostatic anomalies are much larger than those we are accustomed 
to in North America, they have for the five groups a range of only 
.047 dyne compared with .094 by the rigid crust method. The 
isostatic anomalies for these groups are +.035, +.028, +.048, 
+.075 and +.074 dyne. 


Dominion Observatory, 
Ottawa, Canada, 
May, 1926. 
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ASTRONOMICAL SYMBOLISM 
By G. S. Brett 


HE German philosopher Immanuel Kant, in his earlier years 

a student of astronomy, declared that the most admirable 
things in the Universe are the starry heavens above and the moral 
law within. This famous phrase has lived since the days of Kant 
because it is really an epitome of human experience. It is only 
necessary to reflect for a moment on the ambiguous value of such 
words as “celestial” or “heavenly” to realize how deeply the con- 
fusion between the physical and moral aspects of the world has sunk 
into the human mind. We cannot say why that which is “better” 
must also be “higher.” If we are driven to analyze the relation 
between these terms we can only fall back on the history of human 
thought and see for ourselves how inevitable it seems that the 
distinctions between high and low, light and dark, right and left, 
should pass over into equivalents of good and bad. Then there 
opens up before us a long chapter in the history of mankind in 
which the various plans of the Universe occupy a large part -in 
formulating the beliefs by which men have lived and for which they 
have been prepared to die. 

It is the purpose of this essay to deal with some of the ways 
in which astronomical schemes have entered into the formulation 
of moral or religious conceptions. Even to-day people attach a 
1uystical significance to astronomical schemes and continue to argue 
as if the truths of religion were bound up with the choice of a 
geocentric or heliocentric hypothesis. The bitterness of the argu- 
ments is good evidence that the disputants have not grasped two 
important facts. They fail, first, to understand that circles and 
epicycles and ellipses have all been instruments by which human 
minds have been able to co-ordinate and calculate the complex mass 
of movements which were the first objects of astronomy. An 
instrument is not either true or false in any moral sense: it is simply 
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useful, and that only as long as it achieves the desired result. They 
fail, secondly, to understand that the human mind expresses the 
invisible in terms of the visible, the intelligible by means of the 
sensible. For analogy, though often condemned as logically weak, 
is a powerful instrument in stimulating the imagination and giving 
substance to our meanings. The devout worshipper who sings— 


“Sun, moon and stars forgot, 
Upward I fly.” 


does not need to be told that he is echoing an ancient theory of 
cosmic circles which placed the heaven of heavens above these 
astral regions. For the worshipper it is enough to feel the triumph- 
ant soaring which the lines express, and to know that his goal is 
beyond the visible sky. We must approach our traditions in the 
same spirit, not asking continually how this or that could be re- 
garded as true, but realizing that we are following the tracks of 
the human mind, concerned more with psychological truths than 
with astronomical facts. For various reasons, which will be pointed 
out, astronomy has influenced the forms of human thought in 
countless ways, and it is worth while to take a brief holiday from 
the severe discipline of celestial physics to reflect on that emotional 
life which had ebbed and flowed around this unfailing centre of in- 
terest and intellectual effort. 


I. 


Astronomy ranks as at once the oldest and the most con- 
tinuous line of thought in the history of science. It had from the 
beginning a well-defined method, namely, the observation of the 
heavenly bodies and explanation of their movements. For a long 
time there was no definite theory which would connect together all 
the observations, but some kind of explanation was supplied in the 
form of myths or explanatory stories. At first no strict division 
was made between events in general and human affairs. While 
this was true of all primitive thought it was particularly true of 
astronomy ; practical needs co-operated with obvious facts to make 
a single result: as, for example, the succession of night and day, 
which was at once the regulator of human actions and the most 
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obvious sequence of changes in the universe. Days, months, sea- 
sons and years formed a natural astronomical frame-work ior the 
life of mortals. From this point of view astronomy is the source 
of such institutions as the calendar and the basis for a primitive 
record which is the germ of history. The coincidence of the changes 
in the heavens with the changes in human activities was naturally 
interpreted as a kind of causation: the heavenly bodies were said 
to influence the course of events on earth by reason of a necessary 
connection between all the parts of the universe. 

The cosmos of the ancients was a closed system which included 
all that existed. The dwelling place of man was not merely the 
earth: his home was the universe and he moved about it freely, 
travelling from one part to another according to his ability. Though 
it might be difficult in practice to ascend up into the higher regions, 
it was not actually impossible. Some great change might be required 
before such an ascent could be achieved, but that change was pro- 
vided in the event of death. Anthropologists have taught us that 
primitive man regards death as a transition, analogous to the 
passage from youth to manhood, or from manhood to old age: 
so far from being strange it is normal, and being also universal 
it is little more than a habit of the race, an established custom. A 
long development of reflective thought was required to make death 
unnatural or the separation of earth and heaven a dogma. For 
this reason the history of the individual is regarded as continuing 
naturally after the life on earth; the whole universe is the realm 
in which that existence is completed, if it ever actually ends. 


II. 


It is possible to see from the first an influence of the general 
cosmic conceptions on all the different scientific enquiries. Knowl- 
edge of the heavens preceded knowledge of the earth: speculative 
deduction was easier than exploration—also it was thought more 
profitable at a time when analogy and deduction were valued above 
accuracy of detail and experience. So geography was at first 
schematic: the earth is parcelled out to correspond with the con- 
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stellations which rule over the different areas and determine their 
character. Down to a late date the inhabitants of the earth were 
supposed to have temperaments dependent on astral influences, so 
that descriptive ethnology was composed of a few facts and a great 
deal of this astronomical schematism. 


As the zones of the earth and its peoples were treated in this 
broad manner, so the individual was regarded as reproducing the 
character of his star or constellation. “The soul that rises with 
us—our life’s star,” expresses the oldest idea: hence the various 
fortunes of the star (its good and bad conjunctions) correspond 
to the various fortunes of a man’s life. It makes little difference 
whether we write the history of the life or the record of the star’s 
movements. Consequently there is a _ perpetual interchange. 
Heavenly bodies may be treated as heroes (Gilgamesh, Heracles, 
Samson) : or heroes as heavenly bodies. 

The life of a nation is more complex: but its record, i.e., 
history, takes the same form. This period of time is so long that it 
comprises cycles, and there is a tendency to suppose that history 
moves in circles. In the widest sense this is applied to the universe: 
it begins from fire and returns to fire: in a narrower sense it is 
asserted of nations that they have their rise, zenith, and decline: 
while there is an ineradicable belief that the great men (at least) 
return at appointed times: when the original conjunctions of the 
heavenly bodies is repeated, the person then born will be the same 
as the person born before (this being the form of re-incarnation 
without personal survival—or the myth of the supreme legislator). 

Geography, biography, and history are thus presented as 
highly schematic, and the fundamental type of the scheme is the 
astronomical cycle. In the space at our disposal it will be neces- 
sary to deal with only one of these topics and the most interesting 
and elaborate forms are found in the cases of biographical descrip- 
tion. The term biographical will here be taken to mean the deserip- 
tion of a life either on the earth or in the heavens, the latter case 
merging ultimately into an elaborate theory of the afte--life and 
immortality. 
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Ill. 


In the earliest Greek literature we find very little interest in the 
question of the life after death. The epic age is, in all countries, 
an age of heroic action. ‘The hero, whoever he is, undertakes 
mighty labours and achieves them: by great strength he escapes 
even death itself. This is true alike of the Babylonian Gil- 
gamesh and the Homeric Odysseus. But even these early types of 
narrative have marked differences. The Gilgamesh epic is a typical 
mixture of hero worship and sun worship: it is a presentation of 
the life-history of a giant whose whole career is superhuman in 
character and mingles the attributes of man with the glory and the 
sorrows of the celestial beings. Like the sun, Gilgamesh sets out 
in splendour and strength on a journey to the lands beyond the 
western limits: as he proceeds his strength declines: the hair falls 
from his head (as the sun’s rays are shorn off by darkness) and 
he arrives at last in the unknown kingdom beyond the western 
sea reduced to a state of miserable exhaustion. But with proper 
treatment he revives: he makes his way back: like the new day, he 
appears again among men. In the words of the Psalmist, who 
echoes this very tradition, “he cometh forth as a strong man to 
run a race.” 

Homer presents the same literary tradition with very little 
consciousness of its original theme. In spite of the extremists who 
would make the Odyssey a pure sun-myth, it seems obvious that 
in fact the Homeric poem presents the real history of a real voyage. 
But the poet is not very particular about facts, and his story betrays 
the pattern with which he works. In the prophecy that Ulysses 
will be lost at sea we have a remnant of the sun-myth in which 
the day of life ends with the setting of the sun. This prophecy 
is apparently ignored and Ulysses returns home: but no one can 
doubt that the shower of arrows by which Ulysses proclaims him- 
self master in his own house are the darts of a rising sun. 

As I have indicated, I do not think the detailed analysis of 
Homer’s story will show that it is a conscious reproduction of a 
sun-myth. The more profitable line of enquiry is to consider how 
far a traditional form or pattern obtrudes itself into what is 
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mainly a good robust story of adventure. ‘This kind of moderate 
interpretation has been applied to the Samson-story of the Book 
of Judges. It may be taken as certain that Samson was a real man 
who achieved something remarkable. It is equally certain that the 
narrative embodies many factors which are merely assigned to 
Samson as a form of grandiloquent flattery. Because he is a mighty 
man it is becoming to speak of him in the terms of a sun-story: 
he too has great strength, which he loses when his locks are shorn: 
he destroys the crops of the enemy in his vengeance, like the sun 
which sends through the standing corn the red rust which devours 
it with fierce burning: he casts down the dwellings of the enemy 
as the sun grasps the Pillars of Hercules and, casting them into 
the sea, brings down in common ruin the whole dome of the heavens. 

A similar treatment of a legendary theme can be traced in the 
accounts of Heracles (Hercules). Around this figure, perhaps 
originally that of a man who achieved some great feats of strength, 
there grew a cycle of stories which became less factual and more 
symbolic as the literary form developed. Hercules develops into 
the idea of a power that bears up the sky, preserves the day and 
carries on a struggle against the powers of darkness. The labours 
of Hercules are simply repetitions of his struggle to avert the doom 
that is night: day after day he repeats his labours and presumably 
successive story-tellers found delight in inventing a new labour 
for another day: finally he is overcome and perishes in fire, going 
down into the darkness of the grave like a sun setting on the 
western hills. This again is not a “sun-myth,” for that would imply 
a very developed and self-conscious art: it is simply an example 
of the way in which the astronomical theme is woven into a pic- 
turesque narrative, finally becoming more and more symbolic as the 
original hero became shadowy and uncertain. 


We have always to bear in mind that accuracy of detail or 
realistic narrative is not a primary interest: the picturesque and the 
impressive come first in the evolution of human ideals of expres- 
sion. Doubtless the writers thought they were doing very well. 
The obsession of scientific accuracy had not taken hold of them: 
broad analogies which made the human cosmic and the cosmic 
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human, were to them the most satisfying achievements. In the 


sphere of biography, the lives of great heroes, this is clearly 
manifest. In the sphere of history the same motive can be traced. 
Beyond the limits of mere chronology we come upon perpetual 
tendencies to assert more or less explicitly a purpose in the evolu- 
tion of events analogous to the purpose achieved by the revolu- 
tions of the heavenly bodies. The philosophy of history begins as 
a conception of a cycle of events: the higher critic is always detect- 
ing a suspicious symmetry in the order of events, which betrays the 
desire of the writer to give to human affairs the kind of causal re- 
lation which he has learned to regard as the secret of the cosmic 
order. 


While Homer treats of individuals Hesiod presents us with a 
history of things in general. For this he has no positive data and 
gladly takes refuge in an astronomical version of world-history. The 
primaeval chaos and all its accompaniments are re-edited: the 
golden age or the reign of the Sun is given first place: the 
ages of men succeed each other like seasons: the Iron Age, cold 
and dark, comes upon us like Shakespeare’s “winter of our dis- 
content.” Also the beings that lived in these different ages have 
natural differences which are maintained in the cosmos as a whole. 
The men of the Golden Age were spirits immortal that remain in 
the region about the earth: those of the Silver Age go under the 
earth: those of the Copper Age go down nameless to the Pit. 
Probably we are to understand by this an incipient doctrine of im- 
mortality: the souls persist as air-spirits, earth-spirits associated 
with the growth of plants, and a still more dim earthliness akin to 
the still life of the inorganic realm. The Heroes of the Fourth 
Age are not really dead and have no definite place in the scheme: 
for them the earth yields three crops each year, which shows that 
in their climate the sun’s power is reduced (otherwise production 
would be continuous) but not so far as it is for ordinary climates 
where the cold earth is only equal to one or at most two crops! The 
Islands of the Blest, like the Garden of Eden, are haunts of the sun 
where no labour is required to supplement the fertile heat of the 
soil. 
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After Hesiod cosmogony seemed to become the peculiar pro- 
perty of the Orphic groups. It became distinctly a religious scheme 
with an astronomical motif. The scientific work of the Greeks was 
opposed to this, and we find a continual widening of the rift between 
constructive interpretation and analytic description. 


IV. 


Among the philosophers astronomy began from a very early 
period to take on a symbolic character. We might begin from the 
Orphic traditions or from the sayings of Pythagoras: but in fact 
most of what we ascribe to either of these is in reality later, and 
the original literature has perished. An early and very instructive 
example is the poem of Parmenides. This begins with a genuine 
suggestion of astral apocalypse: the poet is first raised to the divine 
levels in a car: the wise steeds carry him, drawing the car, and 
maidens show the way: “the daughters of the Sun, hastening to 
convey me into the light, threw back their veils from off their faces 
and left the abode of Night.” So he comes to the gates of the ways 
of Night and Day: high in the air they are closed by mighty doors 
of which Justice has the key: they open and the seer passes in to the 
vision of Truth. 

The allegorical importance of the astronomical scheme is almost 
entirely due to Plato who combines the thought of Parmenides with 
the scientific scheme of the later Pythagoreans. ‘This, as is well- 
known, was a scheme of concentric circles: the central fire of the 
universe was the pivot about which turned all the circles carrying 
the earth, the sun, the moon, the five planets and the outer sphere of 
fixed stars. 

The details of this scheme need not be elaborated, but it is 
necessary to bear in mind a few points. First, Night and Day now 
definitely cease to be anything but accidents of the earth’s position: 
in Plato’s language earth is “the guardian and artificer of night 
and day.” Secondly, the Greek writers are uncertain of the exact 
function of the central fire: Empedocles seems to have believed in 
two suns, Philolaos possibly in three. The idea that one body radi- 
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ated all the light of the world was rightly considered improbable: 
the real source of light was elsewhere, in the pure fire of the Cosmos: 
it was concentrated and reflected by the luminous bodies above, 
in particular that which was called the sun: while the central fire 
was a sun for the dark hemisphere which thus had for itself an 
independent but inferior light. All this vanished when the central 
fire was given up: the earth being then the actual centre of the 
system, its light was ascribed to the sun. 

Thirdly, it came as a shock to the Greek to find that the moon 
shone by a reflected light. ‘This discovery cast suspicion on all the 
apparent facts. The light of the moon became, so to speak, an 
illusion of the senses only to be corrected by reason. Similarly 
apparent motion and relative motion became types of natural de- 
ception from which thought rescues men. 

Thus astronomy more than anything else gave inner signifi- 
cance to the distinction between reality and appearance. Here on 
earth the problems could only be solved by turning from sense 
to thought. The individual must, as it were, take up a different 
position in the universe in order to understand it: like Parmenides 
he must ascend in a divine car and survey the universe from the 
heaven of pufe intellect. This the ancients did in their way, as 
Copernicus did it afterward. 

When the Greeks learned from Socrates that Virtue is Knowl- 
edge, it needed but a little effort of imagination to unite in one idea 
the conception of celestial spheres, celestial knowledge, and the 
celestial life which virtue finally deserves. ‘The synthesis is very 
early foreshadowed in the view that the astronomer, who thinks 
always of the things that are above, leads the most blessed life 
possible to man on earth. After that the same idea persists for 
generations in more or less refined forms, appearing at last in the 
argument of St. Augustine that immortality is secured for those 
whose minds entertain only immortal ideas, since clearly one can- 
not reach the limit of eternal thoughts until eternity is itself finished. 
Here our subject begins a more complex development. 

The nature of that development is somewhat as follows: In 
the age between Plato and Christ there is a literary era for 
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which the lines are already dictated by Persian, Babylonian and 
Greek types. This is exploited mainly by Jewish or Hellenistic 
writers, who treat seriously the astronomical scheme, but at the 
same time tend to emphasize the moral or prophetic use of it. The 
literary form of these writings is then so well determined that it 
can be traced, as variations of the same theme, from the early 
Babylonian epic, through the apocalyptic writings, including the 
canonical work called the Revelations of St. John, down to the 
fourth century A.D., when the Apocalypse of Peter was written. 
This document is important for two reasons. It is very charac- 
teristic of the class because it undertakes to say what Peter saw 
in his vision at Corinth (though the vision is not described in the 
original passage of the New Testament), and anticipates a tradi- 
tion which is better known from the works of Dante. 

Further investigation shows that the Muhammadans were par- 
ticularly inclined to work up schemes of the astronomical. type, 
partly to offset the Christian Apocalypses and partly to gratify 
their own taste for unverifiable hypotheses. In this respect, as in 
others, the Arabs were guardians of old traditions from 700 A.D. 
to 1100 A.D. Then the Sicilian and other Mediterranean centres 
began to form channels for Greek and Arab literature, and we find 
in Dante the last great synthesis of these ideas, so far as Western 
literature is concerned. 

The Copernican revolution probably made the literary form 
less important than it had been. But examples remain in the modern 
period, notably Milton’s astronomical scheme and the passages of 
the Adonais in which Shelley seems to have purposely returned 
not only to the original myth of Adonis but also to the astro- 
nomical setting in which that story had its allegorical and celestial 
significance. 


V. 


The transition from the original astronomical facts to the 
symbolic use of them will be most easily shown by quoting a few 
examples. Originally the dome of the sky was a real material part 
of the world, an inverted bowl or a lid. As the sky rested on the 
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mountains of the world on special pillars (such as the Pillars of 
Hercules) there was an easy way up or down: the gods came and 
went at their pleasure and some men were privileged to ascend the 
same path. Olympus was no more than a lofty mountain, and 
Enoch was “translated” in a way that suggests no idea of insur- 
mountable difficulties in the passage from earth to Heaven. But 
this simplicity was foredoomed: the gap widened, and we find the 
next ideas on a larger scale. If any one will take the trouble to 
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Scheme of the Babylonian Universe, to illustrate the idea of the ‘‘double world,” upper 
and lower. The hemispheres are the seven heavens (up) and the seven hells (down); 
each has its ruler and spirits. The “foursquare” design is peculiar and may explain the 
presence of that term in the New Testament. 

(From W. F. Warren: Earliest Cosmologies.) 
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draw circles round a globe and then make a section of it, he will 
find that he has a convenient “ladder” for scaling the side of the 
globe. The circles of the planets were held to be a ladder of this 
kind. At the world’s edge the traveller might find himself at the 
base of this ladder; at least he might be as certain of that as we 
to-day are certain of reaching the rainbow’s end! The antiquity 
of this belief is demonstrated by the way in which Jacob’s ladder 
is described as a vision which needed no explanation or defence. 
In the so-called Mithras-liturgy which represents an old tradition, 
this ladder is explicitly represented as having seven rungs, that 
is, the circles of the seven planets are symbols of the ascent to 
Heaven. The Greek for a ladder is “climax,” and it may be true 
that the original meaning of “reaching the climax” was this attain- 
ment of the final ascent, just as we still employ the phrase “Seventh 


Heaven” for the highest state reached at the seventh rung of the 
ladder. 


From the actual astronomical ladder there is an easy transi- 
tion to an allegorical ladder, “steps up to heaven,” i.e., stages of 
initiation or sequence of purifications. In these the initiate repro- 
duces the original idea by knocking at the door at the beginning 
of each part of the ritual: hence the “Open, Sesame!” of the 
Arabian Nights, and our common language. Dante restores the 
ascent by circles after the period of balloon-like ascent dear to 
the later Christians and the Arabs. Milton similarly brings his 
messengers “down through the shining spheres” and allows them 
to stop at points from which they survey the world. Henry More, 
a Cambridge Platonist of the seventeenth century, boldly asserted 
that the trees of Paradise were rooted in the air: in view of their 
extremely ethereal character they needed no more substantial basis. 
Shelley represents the immortality of Keats as a return to his 
original star, which hung empty till his return—an exact repro- 
duction of the oldest form of thought, in which the earthly exist- 


ence is merely a passage through time back to the original and 
eternal dwelling. 


In every nation that has a sufficiently long history the original 
crude ideas become refined; the writers strive to express the 
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fundamental ideas with less offence to the cultured audience. The 
ascent of the soul is a case in point. At first it is the actual journey 
of the man to his home in the heavens: later it becomes the transit 
of the soul from one realm to another, the means being more 
vaguely described or even omitted altogether: finally, the descrip- 
tion employs a trance or vision to cover up the difficulties and boldly 
asserts what may be seen if and when the ascent has been made. 
Of this last kind there are numerous examples which form a dis- 
tinct school of literature including Plato’s “Myth of Er the Arme- 
nian,” the later story of Aridaeus by Plutarch, the Revelations 
of St. John, and the series of apocalyptic writings down to the 
visions of Paul and Peter. In all these we have literary devices 
based on accepted astronomical schemes. The Myth of Er in 
Plato’s “Republic,” probably written about 387 B.C., is so important 
for its influence that its method and matter deserve a special descrip- 
tion. 


In this story Er is supposed to be slain in battle, but when 
his body is recovered after twelve days it is found to be fresh and 
uncorrupted. Er returns to life and tells the story of his experi- 
ences during the interval. He had died and his soul went on its 
journey with others to a great meadow somewhere on the earth’s 
surface. But here he was told to stay and observe all that hap- 
pened, as he was destined to return to earth and reveal the secrets 
of the Last Judgment. There accordingly he remained and saw 
the souls ascending and descending the roads from the earth’s 
surface according as they went to the heavens above or were 
directed to return to earth and begin another life. Plato’s descrip- 
tion of the Universe seen, as it were, from outside, is so com- 
plex that it cannot be fully described here. It has, perhaps, never 
been understood. We may content ourselves with his own simile. 
The Universe is arranged like the whorls of a distaff, each whorl 
being a circle and the path of a celestial body. Like the spindle of 
the distaff there is a shaft of light running through the Universe 
from pole to pole, the bond which unites it. Necessity, or Law, 
spins this distaff and so creates the regular movements of all the 
heavenly bodies. On each whorl Plato says there is a siren sound- 
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ing the note which marks the place of the celestial body in the 
heavens. ‘The Greek word “harmony” means “closely fitted to- 
gether” and the harmony of the heavens refers to its compact 
structure. But at a very early date this was crossed by the poetic 


Dame Astrology with the Three Fates, from a MS. of the XVIth century. The Universe 
is here presented as described by Plato, Republic X. The distaff is revolved on its axis 
by Fate, the planets and stars are carried round in the revolutions. This symbol is set 
on the real earth at the place of the Last Judgment. (From P. Lacroix: Science and 

Literature in the Middle Ages.) 
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€ idea of al) the stars moving in a sacred dance around the centre ; 
4 of the Universe as round an altar. From that time on we hear be 
t continually of this “Music of the Spheres,” and nowhere has it 
been more accurately and beautifully stated than in Shakespeare’s 
“Merchant of Venice” :— 4 
Look how the floor of heaven a 
Is thick inlaid with patines of bright gold: ae My 
There’s not the smallest orb which thou behold’st , 

But in his motion like an angel sings, 
Still quiring to the young-eyed cherubins. - 
The Stoic philosophers of the second century before Christ - 
were influenced by Persian and Semitic ideas. They were well 7 
acquainted with the highly developed and admirable astronomy of 
the Alexandrian schools, but they chose to adapt it to the teaching 
of morals. They assigned to the souls of men a kind of specific 
gravity, the purest being the lightest. After death each soul rises i 
as far as its degree of purity will allow and the universe is filled : 
with souls thus suspended at the different degrees of atmospheric 
density! This fantastic scheme had immense influence: it produced 
the idea of a celestial hierarchy beginning with angels and ascending 
to cherubin and seraphin: we owe to it the idea of the “limbo” or 
region about the moon where unpurified souls halt in their ascent, 
and almost all the doctrine of “planes,” including the “Twentieth 
Plane.” Here we have, probably, a fusion of the Greek ideas 
with the older Babylonian and the Jewish, in which Gods are 
identified with celestial bodies. Thus the sun, moon and planets 
are interpreters, the signs of the Zodiac are the Councillor-Gods, 
others are judges of the dead, and so forth. This schematism can 
be traced in the Book of Revelations, a typical vision of the Universe 
seen “in the spirit of the Lord’s Day.” The seven churches are 
represented by seven stars: the twenty-four elders recall the twenty- 
four stars which the Babylonian astronomy grouped around: the 
poles: the heavenly Jerusalem, counterpart of the earthly city, has 
twelve doors corresponding to the twelve signs of the Zodiac. 
Other points might be quoted but space is exhausted. It is neces- 
sary, however, to remind the reader that in these “revelations” we 
have intense trance-like states in which the speaker stands, as it 
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were, above or beyond the universe and translates spiritual insight 
into astronomical terms. Naturally he reproduces, perhaps sub- 
consciously, the contemporary scheme of the heavens. 

As volumes could be written on this theme and this is only a 
fragment, I may close with an interesting example of literary 
astronomy from Plato and Shelley. Plato is supposed to have 
written as epitaph for a dead youth the significant lines :— 

Erstwhile among the living thou didst shine 
Our morning star, 

Now among the dead thou shinest 
Their evening star. 

This verse Shelley put at the “head of his “Adonais” and 
elaborated the traditional theme to describe the ascent of Keats to 
his starry home :-— 


And many more whose names on earth are dark 

But whose transmitted efiluence cannot die 

So long as fire outlives the parent spark, 

Rose, robed in dazzling immortality. 

“Thou art become as one of us” they cry! 

“It was for thee yon kingdom sphere has long 

Swung blind in unascended majesty, 

Silent alone amid a heaven of song. 

Assume thy wingéd throne, thou Vesper of our throng.” 


With this marvellous epitome of a theme as old as mankind 
we may leave the reader to ponder for himself the strange heights 
and depths of astronomical apocalypses. 

NOTES 

As there are many allusions in this essay to points not fully described 
the following notes may be useful :-— : 

(a) The Gilgamesh Epic has been translated by H. S. Langdon, “The 
Babylonian Epic of Creation.” 

(b) The Samson-story is analysed by C. F. Burney in his edition of 
the book of Judges (London, 1920). The “foxes” of the story seem due 
to mistranslation of a word meaning “rust” which then, as now, destroyed 
the crops. 

(c) The whole series of apocalyptic writings is well described in F. C. 
Porter, “The Message of the Apocalyptic Writers.” The Apocalypse of 
Peter and the Apocalypse of Paul, dated from the fourth century A.D., are 


especially interesting as showing the transition from Biblical writing to the 
later literary forms. 
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PHENOMENA OF THE SUNRISE. 
By Howarpb T. BARNEs. 


What we may call the habit of worship has come to us from 
remote times, the result of a desire to welcome the returning sun. 
As the source of life and light every created thing derives its 
vitality directly or indirectly from the sun. The earliest form of 
recorded religious practice is found in the Hindoo prayers, which 
history places anywhere from 1000 to 2000 B.C. The Rig-Veda 
abounds with hymns directed to the sunrise, but none to the sunset. 
Even in our own Christian hymnals it is surprising the number in 
which the sunrise symbolizes the joy and happiness of true worship- 
ful adoration. The sunset on the contrary usually is associated with 
sadness, darkness and the passing of life. Most deaths occur in 
the dark hours of morning when the nocturnal radiation is exerting 
its greatest influence. 

There is a real scientific reason for this attitude of mind which 
is easy to understand when the physics of the atmosphere is con- 
sidered quite apart from the mere return of consciousness in the 
morning. Medical men have recognized recently a vital force 
in the light of the early morning and the curative value of the ultra- 
violet rays, which, being contained in greater abundance in the 
morning light, give an unconscious exhilaration and feeling of 
well-being not experienced at sunset. 

That this is recognized by the lower animals is well illustrated 
in the action of the Lemurs of Zanzibar, which, according to Elliott 
in his ‘‘Review of the Primates’’ (Vol. 1, Page 16, where he gives 
an account of the sun-worshipping Lemurs, Lemur Variegatus), 
climb the trees in the morning to face the rising sun, swaying their 
bodies back and forth in seeming adoration. 

The writer has for a special reason taken much interest in the 
light of the sunrise. The atmosphere just before dawn is cleared 
of most of the water vapour and dust which leaves the returning 
rays free to penetrate the intervening space. The rush of returning 
light stirs everything again and causes an agglomeration of the 
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colloidal particles of water and ice, precipitating fog in an other- 
wise clear air. During all the day the light is stirring up the atmos- 
phere by the great energy input. By the sunset period the water 
vapour is in the form of large coalesced particles, giving the charac- 
teristic colour to the sky. The entire colour gamut of the sky is 
due to water vapour and, were the sky free of vapour, no colour 
at either sunrise or sunset would be seen. The kind of colour is 
dependent on the size of the particles through which the light 
passes, and hence a study of the varying colours of the sunrise and 
sunset gives some idea of the state of the water vapour in the air. 

The writer’s attention was directed to this for many years 
from the wonderful influence of the early light on the disintegration 
of anchor ice. This ice is a product of the great nocturnal radiation 
under a clear sky whenever the weather is very cold. In the early 
morning, however, the first light which tinges the eastern sky 
causes the ice to rise, before even a delicate thermometer can 
detect any temperature change in the water. Thousands of tons 
of ice are brought up from the bed of the St. Lawrence river every 
morning in winter in the open reaches, and are floated down stream 
to add their quota to the great packs at restricted points. 

As the sun rises higher and the rays penetrate into the water 
greater quantities of ice come up until the bed is clear. This is 
repeated almost every morning, but the exceptions, which cannot 
be explained by a casual observer, were the object of special study 
on the part of the writer, involving a careful examination of the 
colour of the sunrise during every month of the year. This was 
carried out from May 1925 to April 1926. Colour plates were ex- 
posed during such time as the sunrise was evident on clear and 
characteristic days. Most of this difficult and laborious work was 
done for the writer by Mr. Walter A. Connolly at Morrisburg, 
where the anchor ice is very abundant, and the atmosphere un- 
usually clear and free from smoke. This series of pictures is of 
exceptional beauty, and has been the subject of much careful 
study. It has explained the biblical references to the weather 
forecast judged from the sunrise and sunset contained in Matthew 
16, verses 2 and 3.* For at sunrise a red sky intimates the presence 


*When it is evening, ye say, It will be fair weather: for the sky is red. And 
in the morning, It will be foul weather to-day: for the sky is red and lowring. 
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of great water particles, which readily agglomerate into rain drops 
by the sunlight and hence a red sky in the morning indicates rain. 
On the contrary the reverse takes place at sunset for a red sky 
shows the water vapour in a state of subdivision below the rain- 
drop size which during the dark hours of the night become still 
further divided, and finally deposited as dew. The air is cleared 
for a dry and pleasant day. The sunlight tends to collect and grow 
the water particles, while the darkness under the full influence of 
the great nocturnal radiation tends to reduce the size of the particle 
to the colloidal condition when they are deposited readily on the 
chilled surfaces of the earth. 

This remarkable influence of the sunrise on ice was the occasion 
of the writer’s first conceiving the idea of using artificial radiant 
heat for destroying ice. During a two weeks’ observation of a single 
iceberg off the coast of Newfoundland, it was remarked how much 
cracking was heard in the period from darkness to dawn, and how 
during this time large pieces of ice came off. The day witnessed 
no such effects, and the heat of the sun was washed off by the 
running water from the melting surface. At night the iceberg 
dried, and the surface became cold and hard again. As morning 
approached much fog was precipitated on the ice, and when the 
light first appeared the cracks started again. The returning sun- 
light was able to penetrate the ice surface, setting up strains in 
the huge m&%ss which contributed to its destruction. 

On returning to Montreal after this experience the writer deter- 
mined to use an exothermic mixture (thermit) generating a high 
temperature, and to apply this locally on the iceberg in the hope 
of causing the strains artificially and thus breaking the mass of 
ice just as heat will shiver a mass of hard glass. 

This has now been accomplished and the results have been 
published elsewhere, so that no further comment is necessary here. 

The artistic beauty of the colour of sunrise pictures caused 
the writer to study briefly the influence of the sunrise on art. 
The sunset is exemplified in the work of Turner which is well 
known and suggest no other emotion than that of quiet sadness 
and beauty. We see this note of sadness in Turner’s famous 
“Fighting Temeraire being towed to its last resting place” in the 
glorious sunset depicted. Only Millet, of the great masters, seems 
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to have painted the sunrise, in his ‘“‘Sunrise over the Sea’’. This 
work is listed among his minor paintings, but thus far the writer 
has been unable to secure a copy accurately done in colour. 

The writer’s brother, Mr. Wilfred M. Barnes, A.R.C.A., who 
has specialized in clouds and sky effects, is of the opinion that it 
is next to impossible to paint the wonderful transparent colours 
of the sunrise or even the sunset. This is evident to the student 
who compares Turner’s work on canvas with the transparent 
beauty of the colour plates. The sunrise is a field of art as yet 
unappropriated by the artist, and as the glorious panorama recurs 
morning by morning with never a repetition, much of value will 
result from a careful analysis of the extraordinary changes and 
range ofcolour. 

The influence of the sunrise in literature is everywhere apparent. 
One has but to keep this in mind in daily readings when time after 
time reference to happiness, joy, strength and beauty are accom- 
panied by reference to the dawn or sunrise. We have only to quote 
Browning’s poem :— 

The Year’s at the Spring, 
The day’s at the morn; 
at seven; 
The hillside’s dew-pearled; 
The lark’s on the wing; 
The snail’s on the thorn; 
God’s in his Heaven,— ad 
All’s well with the World. 
Or take Henry Van Dyke’s ‘‘There’s Something Happy on the Way” 
which ends with the words:— 
Oh, fly away on silent wing, ye boding owls of night! 
Oh, welcome little birds that sing the coming in of light! 
For new and new and ever new, 
The golden bud within the blue, 
And every morning seems to say; 
There’s Something Happy on the Way, 
And God sends love to you. 


The influence of the sunrise on religion has already been referred 
to. The ethical value to the soul seeking the better life is very 
great as the return of the sun heralds the rebirth of consciousness, 
bringing the realization, experienced through all the ages, that a 
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new opportunity, a new life, is possible in which every earnest soul 
has another chance, even seventy times seven, to begin afresh a 
good life. The sins of yesterday, carried away by the “owls of 
night’, are far removed on the crest of the outward radiation into 
infinite space, where they merge into the great unknown and are 
neutralized by the Love of the Master. 

In conclusion the writer cannot do better than quote the earliest 
prayer known to human language, ‘‘May the Sun quicken our 
minds”’, chanted by the Hindoo priests as they lighted the ceremon- 
ial fires at sunrise, thousands of years before Christ; and also 
the message to all ages conveyed by the simple hymn from the 
Rig-Veda,— 

The Brilliant (the sun) rises from the sky, wide shining, 
Going forth to his distant work full of light. 


Now let men also enlivened by the sun 
Go to their places and to their work. 


McGill University, 
Montreal. 
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POPULAR ASTRONOMY (?) 
By Douctas Bartow 


HERE is much talk at the present time of the indifference 

of the general public towards things astronomical. Articles 
are written and lectures delivered about the ignorance of matricu- 
lants and even university graduates; and the consensus of opinion 
is that something must be done to relieve the situation, and arouse 
the people from their lethargy to an appreciation of what we feel 
to be the greatest of all sciences. The something suggested is the 
teaching of astronomy in schools,—a very good suggestion, but why, 
when coming from men of distinction, doctors in their subjects, is 
it not adopted? The reason lics in the attitude of the general public, 
which is the final arbiter. 

We deplore the seeming negligence on the part of School 
Boards, but if we will look farther into the question, it will be seen 
that it is not negligence on their part. Boards of Education are 
not aged men out of touch with the times, and they give 
the best in the limited time offered for education. If 
astronomy can be shewn in the same light as other school subjects, 
as a thing of real value, then doubtless it will receive the considera- 
tion it deserves. Before we can hope to have it taught in our schools, 
we must bring the subject before the public and arouse some in- 
terest in it. To astronomers its value, ethical and economical, is 
undoubted, but outside the circle of scientists and the minority 
who have in some way become interested in the subject and read 
it, it seems, unfortunately, too often a pointless study. 

Consider the position of present day astronomy, .... . is ita 
self-supporting science? I think not. True, the questions on which 
it works may be of vital importance economically and otherwise, 
but from its very nature, the results of its investigations can never 
be exploited and made to pay dividends. Astronomy is dependent 
in great extent on the support of the public. 
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The attitude of the average individual is not such as would 
prompt the spending of great sums of money for the erection of 
observatories. True, he points with pride to those of his country as 
best evidence of the nation’s advance in civilization,—but, ask him 
what is inside, and the use after all—and you will not get 
a satisfactory answer. In the United States there are only two 
Government-owned observatories, one Naval, built primarily for the 
benefit of navigation, the other negligible in size. The remainder 
were built by a few cultured and wealthy individuals and certain 
scientific societies and Universities. In Canada, where we pride our- 
selves on our culture, it may safely be said that the reason we have 
two large Government-owned observatories can be found eventually 
in our connection with Great Britain and its ancient seats of learning. 
All this goes to show that, however great the value of astronomy, it 
is as yet generally unrecognized. In a materialistic age we expect too 
much of the public if we ask them whole-heartedly to support and 
teach their children something of whose values they are ignorant. 


Let astronomy show that it wishes to make return for value 
(I say “show” purposely, for it does make ample return, but 
its methods are not obvious and its value so hidden as to be prac- 
tically unnoticed); and the reward of good-will and interest, pos- 
sibly in more material form than mere good-will, will be untold. 
This sounds like stooping to invite interest and support,—it is not,— 
it is a just return and answer to a growing demand. 


That there is a demand is beyond all doubt. To illustrate: 
The first question of ninety per cent. of the visitors at the Observa- 
tory is about Mars, the second about sun-spots. The reason is 
obvious. These two subjects have been given some publicity; 
unfortunately, however, the information has sometimes been far 
from authoritative. Some clever individuals have realized the de- 
mand and profited by it. Note the avidity with which any article 
on Mars, say, is devoured. Note the interest taken in anything 
having to do with sun-spots. There has always been and there 
always will be a demand for authoritative information and if 
astronomers remain indifferent towards it, the information will 
still be obtained, but will it be authoritative? 
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One commonly encounters such puerilities as lengthy articles 
on “Your Horoscope,” “What is your lucky star?” and big adver- 
tisements offering for twelve cents and the date of your birth to 
tell your future from the stars. “Why not,” says Dr. Aitken, “when 
a large percentage of our people practically live in the Pre-Coper- 
nican age, so far as knowledge of the universe is concerned!” 
After all, that is the way the demand is being satisfied. 

There is a need of organized and supervised publication by 
authorities, and to dispense with the headline articles and predic- 
tions of cub reporters and rank amateurs. You say, what of the 
scientific magazines which publish worth while information? They 
are valuable, and have done an immense amount of good, but they 
reach perhaps ten per cent of the public. The remaining ninety 
get their data from the startling features of the newspapers, especi- 
ally prepared to thrill the imagination and eliminate thought. As 
to the direct publications of the Observatories, the great mass of 
such material is in the form of columns of figures, and formulas and 
curves, with intervening paragraphs of highly technical language. 
—absolutely meaningless to the average reader. 

What is needed, therefore, is the widespread publication in 
newspapers of periodical reports and articles dealing in a general 
way with immediate problems, and written by men who are experts 
in their field, in language suitable for public consumption, relieved 
of detail and technicality. We want articles for the man who 
wishes to keep informed to date and has not the time to hunt up 
magazines and read deeply into the subject; articles for the amateur 
astronomer on how to build and improve his telescope and make 
his results of real value. Amateur astronomy could be made almost 
to compete with radio in the field of the great hobbies. The reason 
it is not a popular interest lies in the mistaken idea that it is abso- 
lutely impossible to venture into, or study, without a wealth of 
higher mathematics. 

This is something which should not be beneath the considera- 
tion of Astronomical Societies. As to having the matter published, 
there are many distributing companies and press associations which 
would be glad to secure the privilege. 
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Summarizing, it is important for many reasons, and in par- 
ticular with respect to the school question, that prevailing miscon- 
ceptions and illusions be combatted. This can be accomplished only 
by organized and widespread education of the public, through their 
most immediate informant, the daily press. 


Dominion Observatory, Ottawa. 
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REVIEW OF PUBLICATIONS 


Joseph Fraunhofer und sein Optisches Institut von A. Seitz. 
118 pages, 54% 8 inches. Berlin: Julius Springer, 1926. 

This little work was published in connection with the celebra- 
tion of the centenary of Fraunhofer’s death, which occurred on June 
7, 1826. It deals with the professional life of Fraunhofer from 
his entrance into the Mathematico-Mechanical Institute of Utsch- 
neider and Reichenbach until his death. In it is much hitherto un- 
publised information obtained from documents and other objects 
in the German Museum in Munich, including agreements between 
the various parties, catalogues and price lists of instruments and 
details as to their construction. There are also six interesting plates, 
comprising two fine portraits of Fraunhofer (at ages of 33 and 
38), the rescue of Fraunhofer from the wrecked house, facsimiles 
of his indentures as an apprentice and of a testimonial as a work- 
man, and views of a gold thaler coined by King Ludwig I. in 
memory of Reichenbach and Fraunhofer. 


Die Holhlspiegel, bearbeitet von Dr. A. Sonnefeld. 184 pp., 
6X9 inches, 95 illus. Berlin, 1926. 

In recent years the concave mirror has come into prominence, 
not only through the large ones constructed for telescopes, but 
also through its use in search-lights, headlights and in other ways. 

The author of this work is mathematician and physicist in the 
firm of Carl Zeiss, Jena, and it is needless to say that every aspect 
of the subject is considered. 

The book is divided into two parts: 1, Theoretical ; 2, Practical. 
The first part includes the theory of reflection and refraction with 
the consideration of important practical cases, the deduction of 
formulas for the paths of rays in mirrors of different types, and 
the photometry of concave mirrors. 

The second part deals with the applications of various kinds 
of mirrors and mirror-lenses (i.¢., concave mirrors in which the 
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light traverses a small thickness of glass before and after reflec- 
tion), and with the production, the testing and the use of concave 
mirrors. The sketches of machines for grinding and polishing non- 
spherical surfaces are especially interesting. ‘ 

A list of the chief makers of concave mirrors is also given. 
It contains fifteen names, of which five are in Germany, three in 
England, three in France, two in Italy, and one in the United States. 


Résultats des mesures photogrammétiques des aurores 
boréales observées dans la Norvége méridionale de 1911 a 1922 
by Carl Stérmer. 108 pp., 48 pl., 9X12 inches. (Part 7, Geophy- 
sical Publications, Vol. IV., Norwegian Academy of Science.) 
Oslo: 1926. 


The researches on the aurora by Professor Stormer are well 
known. Besides his theoretical investigations into the nature of the 
aurora and the forms it exhibits, he has made very noteworthy 
measurements of its height—the first trustworthy determinations 
made. In 1913 at Bossekop, in latitude 70° he and his assistant 
Birkeland, stationed at the ends of a base-line 27 km. long, ob- 
tained a large number of excellent photographs taken simultaneously 
in pairs, from which many accurate determinations of height were 
made. Since then he has continued the work in the southern part 
of Norway. With eight co-workers located in towns ranging from 
26 to 258 km. from Oslo he has secured many more photographs, 
and the present publication contains the results calculated from 
them. 

As in the previous determinations the prevailing height is in 
the neighborhood of 110 km. The inferior limit is usually about 
80 km., but on March 22, 1920, during a great auroral display which 
was accompanied by violent magnetic disturbances, rays were photo- 
graphed which reached from a lower level of 400 km. to the great 
height of almost 800 km. above the earth’s surface. This surely is 
the greatest height at which evidence of the atmosphere has been 
secured. 


The form of the publication could hardly be improved. It is a 
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model. The arrangement of the matter is excellent, the photographic 
plates are good, and the diagrams and charts present the results in 
a clear and complete manner. 

‘Striking testimony to the value of the work of Professor 
Stormer and his colleagues is found in the announcement that the 
Rockefeller International Education Board has given to Norway a 
sum of about $74,000 for the building and equipping of an Auroral 
Observatory, and the Norwegian Government has agreed to main- 
tain it at a cost of $12,000 a year. The scientific work will be done 
under a commission consisting of Professors Krogness, of Tromso; 
Stérmer, Saeland and Vegard, of Oslo; and the director of the new 
observatory, yet to be appointed. Ca, 


Annales de L'Observatoire de Strasbourg pibliées sous la direction 
de M. Ernest Esclangon, Directeur. Tome I, 406 pages, 9X11 
inches. Paris: Gauthier-Villars, 1926. 

The first volume, published by the observatory since the occu- 
pation of Alsace and Lorraine by the French government has just 
been received. It describes the reorganization of the observatory 
and the work done in the past six years. 

The equipment of the observatory consists of a 19-inch (487 
mm.) equatorial, a 6-inch equatorial, a 7-inch meridian circle, a 
library of 10,000 volumes and minor pieces of apparatus. 

During the war the staff of the observatory was greatly reduced 
and the work maintained at a minimum, so that the first duty of 
the new organization was to overhaul the equipment. A new 
self-registering micrometer has been obtained for the meridian 
circle, and a central electric plant now furnishes light for all the 
buildings and power for the control of the apparatus. Everything 
has been put in good order for the prosecution of research. 

The activities of the observatory are divided between the older 
astronomy, i.e., astronomy of position, and the newer or physical 
astronomy. The observatory is well equipped for the former, with 
its fine meridian circle which has already made notable contributions 
to the A. G. Catalogue. With it, observations are being under- 
taken on the Kapteyn areas. The large equatorial is being used 
for photometric studies and a new photo-electric photometer has 
been obtained. The apparatus is rather small for satisfactory spec- 
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troscopic work, but a number of spectra have been obtained. The 
6-inch telescope has been used for the measurement of double stars. 
_ The second and third parts of the volume consist of papers on 
various branches of work carried out by the observatory. Among 
these might be mentioned a theoretical paper by A. Veronnet on 
the atmospheres of the giant stars, a study of the large objective 
of the 19-inch equatorial by A. Danjon and an investigation into 
the proper motions of the stars contained in the Strasbourg volume 
of the A. G. Catalogue. Beside these papers there are many 
others on the measure of comet positions, double stars, planetary 
disks, eclipses and occultations, all denoting an active interest in 
astronomical research. 


&. 


Beyond the Milky Way. By George Ellery Hale. 105 pages, 
434 X7% inches. N.Y. Scribners, 1926. 

This the third of a series of small volumes written by Dr. Hale 
dealing chiefly with the recent researches made at Mount Wilson 
Observatory. The three chapters are entitled: The Oriental 
Ancestry of the Telescope, Heat from the Stars, Beyond the Milky 
Way. 

_In the first chapter is a description of a transit instrument 
believed to have belonged to the Pharaoh Tutenkhamon. It 
was found in a London antique shop by Prof. J. H. Breasted, 
the well-known oriental scholar of Chicago. Reference is also 
made to the attainments of Chaldeans, the Greeks and the Hindoos. 

The second chapter takes up the research by Pettit and Nichol- 
son with the vacuum thermocouple attached to the 100-inch 
telescope, and also Abbot’s bolometric investigation of bright 
stars by which he was able to deduce their temperatures. 

In the third chapter some of the remarkable work on the 
nebulae is dealt with and the latest views as to the theory of 
“Island Universes”’ are given. 

The book is printed on the finest paper and it contains 44 very 
interesting illustrations. It is produced in the highest style of 
typography. 
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NOTES AND QUERIES 


Cc icati are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


LIGHTNING PHENOMENA (by G. P. Morse, WINNIPEG) 

Watching a lightning storm at Ninette, Manitoba, (about 1%4 
hours before day-break on August 7, 1925) which storm passed 
from north-west to north-east, I found the vivid flashes of lightning 
succeeded by physiological impressions which can only be described 
as “dark flashes’—dark flickers occurring three to four seconds 
after the vivid flash. The dark flash was always double. 

There has been some interest displayed in “dark patches” in 
the heavens “opaque to magnetic lines”. I expected to establish 
some sort of relation with the “dark flash” which I observed at least 
fifteen times, the whole visible sky being distinctly obscured thereby. 
Inasmuch however as a vivid flash may destroy to some extent the 
photographic material in the retina, a nervous impulse may follow 
at an interval, and a rush of blood to renew this tissue, and this 
rush of blood may be sufficiently separated in the two eyes to give 
the impression of a double “dark flash”. Such I imagine is the phy- 
siological explanation. 

But I have never been satisfied even with the physiological ex- 
planation of a flash of lightning seen as a travelling “streak”— 
definite in direction—which explanation seems to be that the retina 
possesses different degrees of sensitivity, and that we cannot be 
sure of the direction of the flash, nor can we allow it any appreci- 
able duration. Why this sensitivity should appear in lines but not in 
spots I cannot understand; and I doubt that the flash consumes no 
appreciable time. 


A Bricutr AURORA 

An aurora ef the first magnitude and interest was visible at 
Toronto on the night of October 14-15. Streamers became numer- 
ous from 10 p.m., continuing throughout the night. At 1 a.m. on the 
morning of the 15th, streamers were quite numerous all over the 
northern sky, but no arch was visible by that time. <A strongly 
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lighted arch, however, about 20 degrees high at its central part, 
was visible at 2 a.m. It became lower as the morning advanced. 
There were streamers everywhere in the north. At 3 a.m. the arch 
had vanished, the streamers were lower in the north, and they showed 
much flickering for a time, but half an hour afterward all had dis- 
appeared.—A. I’. II. 


A New Mountain OBsERVATORY 

Another great observatory is to be built, it is reported, by M. 
Dina, who, I believe, is a Hindu gentleman married to an American 
lady named Mary Wallace-Shillito, formerly of Cincinnati. They 
have lived in Paris since 1914. It is to be on Saléve Mountain, in 
French territory near Geneva. Professor G. W. Ritchey, who ground 
and figured the 60-inch and 100-inch mirrors on Mount Wilson, 
for some years has been conducting an optical laboratory at the 
Paris Observatory, financed by M. Dina. He has been making 
noteworthy experiments on the construction of great mirrors with- 
out using the massive solid glass discs ordinarily employed. It is 
presumed he will produce the optical equipment, and one of the 
lenses is to be 58 inches in diameter. CALC. 


THE ECLIPSE OF THE SUN 


(From Science Service) 


Dr. S. A. Mitchell, director of the Leander McCormick Ob- 
servatory of the University of Virginia, will make his seventh 
eclipse trip next summer. 

This expedition will be to Norway, where a total eclipse of the 
sun will be visible for half a minute early on the morning of June 
29, 1927. It will also be visible in England, but there it will happen 
at about 5.30 a.m. and the chances for clear weather will not be 
as favourable as in Norway. The duration of totality will be 
shorter, but for the research in which Dr. Mitchell is particularly 
interested this is not a serious handicap, for he is confining his 
attention to photographs of the “flash spectrum.” Ordinarily, the 
spectrum of sunlight, obtained by passing it through a combination 
of prisms and lenses, is a band of various colors, crossed like a 
series of dark lines. Just before and just after a total eclipse of 
the sun, however, the light reaching the observer comes from a thin 
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outer layer of the sun’s atmosphere, and then the flash spectrum, 
consisting of a series of coloured double bands against a dark back- 
ground, can be seen. 

The expedition will be financed by a gift from John Armstrong 
Chaloner. The scientific importance of making the observations of 
the flash spectrum arises from the fact that it supplements knowl- 
edge obtained from daily work on the sun at such great observa- 
tories as Mt. Wilson in California. 

“The sun may be regarded as the site of a great physical labora- 
tory where high temperatures and minute pressures are displayed 
that cannot be equalled or even approximated on the earth,” Dr. 
Mitchell remarked. “There is no expense involved in utilizing the 
solar laboratory other than that of powerful telescopes and spectro- 
scopes necessary for the work. 

“In the sun’s atmosphere at short distances from the solar sur- 
face, conditions are reached such as are displayed in a vacuum tube 
when the gases become ionized. In this process one of the external 
electrons of the chemical atom is detached, giving rise to an atom 
which radiates light very differently from the normal or neutral 
atom having its full quota of external electrons. The difference in 
radiation is displayed in the character of the spectrum, mainly by 
the increase in intensities of the spectral lines known to astronomers 
and physicists as ionized or enhanced lines. 

“The ordinary spectrum of the sun consists of light of the 
photosphere absorbed by the cooler layers of the sun’s atmosphere. 
These cooler layers are hotter than any blast furnace on earth, and 
at the time of a total eclipse they may be photographed as the flash 
spectrum. One of the important features of the flash spectrum is 
that it makes known the height in miles or kilometres that each 
atom in the atmosphere of the sun extends up above the solar sur- 
face. 

“As the result of solar investigations made at eclipses and at 
other times it is no exaggeration to state that we know vastly more 
of the conditions in the solar atmosphere, though the sun is over 
ninety millions of miles away, than we know of the atmosphere of 
the earth in which we live and move and have our being.” 
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MEETINGS OF THE SOCIETY 


AT TORONTO 


May 4, 1926—The regular meeting of the Society was held in the 
Physics Building of the University on May 4th, 1926. Mr. A. F. Hunter, 
the President, occupied the chair. 

Mr. Hunter made reference to the sudden death of our esteemed mem- 
ber, Dr. A. D. Watson. Dr. Watson, he said, would not only be remembered 
as a practical astronomer but also as a poet. A number of his poems were 
astronomical in character. As a prose writer he was very pleasing. 

Dr. Chant followed the President by adding that while the Society had 
lost a distinguished member he remembered Dr. Watson as a close and 
esteemed friend. Dr. Chant moved a resolution, which was duly seconded 
and passed, that a letter of condolence and regret in the name of the Society 
be forwarded to the sorrowing relatives. 

The following were elected members :— 

G. M. Shrum, Ph.D., University of B.C., Vancouver. 
John Denton, 38 Cornwall Street, Toronto. 
A. F. Long, Nairn Centre, Ont. 

The lecture of the evening was given by Dr. D. B. Marsh on “Astro- 
nomical and Seismological Work and Experiences in the Bermudas and 
West Indies.’”’ He referred to his astronomical activities in the Bermudas, 
West India Islands and British Guiana, where he was stationed for five 
years. By means of a transit instrument which he set up in the church 
grounds he was able to compute the local time for the colony and also to 
furnish the vessels calling at the port with Greenwich mean time. He 
described his difficulties in setting up his telescope on the coral foundation. 
He was equipped with privately owned meteorological instruments, and 
the Government placed the Colony’s seismograph in his care. 

Early in 1924 Dr. and Mrs. Marsh went to the West Indies and South 
America. While there he was chiefly concerned with the study of the origin 
of the terrific storms of that region. He described the topography of the 
district near the mouth of the Orinoco and the northern coast near Deme- 
rara. 

In his researches in British Guiana he was assisted by Sir John Harri- 
son of Georgetown and Sir Francis Watt of Trinidad. 


October 19.—The inaugural meeting of the Society for the season 1926- 
27 was held on October 19, the President, Mr. A. F. Hunter, in the chair. 
The following were elected members :— 
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R. N. Johns, Box 196, Oshawa, Ont. 

Bento Villiger, Caixa de Carrieo, 118 S. Paulo, Brazil. 
H. L. Rogers, 10 Adelaide St. East, Toronto. 

C. M. Stewart, 2121 Robinson St., Regina, Sask. 

J. B. Winslow, Temperance, Mich., U.S.A. 

W. A. Barber, B.A., 100 Glenlake Ave., ‘Toronto. 

The Chairman then called on Prof. Chant, who projected a diffraction 
spectrum on the screen. He described the method by which diffraction 
gratings were produced, and told the story of the evolution of their manu- 
facture. 

Mr. Hunter then requested Mr. J. R. Collins, a past-president, to occupy 
the chair, while he delivered his presidential address on “Recent Work in 
Astronomy and its allied subjects in Canada.” Before discussing the strictly 
scientific matters, Mr. Hunter made reference to some matters of interest 
relating particularly to the Society. 

The Council resolved upon a change of programme this year, substitut- 
ing for the usual “At Home,” (heretofore held annually directly after the 
New Year) a Commencement or Inaugural Meeting in October, at which 
time the President should give his review of recent astronomical work. It 
was thought that such a review coming at the beginning of the season would 
have a greater effect on the ensuing sessions. 

A fitting reference was made to the loss by death of Dr. A. D. Watson, 
one of the Society’s former presidents. 

The Society’s Gold Medal, offered annually in the University of Toronto 
for proficiency in Astronomy in the: final year was won by Mr. Frank S. 
Hogg. Mr. Hogg is now at Harvard Observatory. This is the first pre- 
sentation since the war. 

The paper discussed “The nebulae and the stars,” “Photographs of the 
shadow bands,” “Sunspots and rainfall,’ “The earth’s atmosphere.” The 
full text of the paper will appear in THE JourRNAL (see page 309). 

An interesting discussion afterwards took place. W. E. W. Jackson, 
MA., of the Meteorological Service, contributed some observations on the 
subject of rainfall and sunspots, also on the earth’s atmosphere. He pointed 
out that the available information on rainfall was insufficient to establish 
any definite connection between the appearance of sunspots and the amount 
of precipitation. He thought the use of the word “storm-tracks” confusing, 
as the tracks usually followed the path marked out by the stations report- 
ing. In the future, when stations cover completely the vast regions in the 
north now reported on, further useful data will be available. 


November 2.—The regular meeting was held in the Physics Building 
of the University on November 2nd, 8 p.m., the President, Mr. A. F. Hunter, 
in the chair. 
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The special feature of the evening was a demonstration to show the 
rotation of the earth by means of the Foucault pendulum. As the inten- 
tion was to show as much apparent shift of the pendulum as possible in 
the evening, the Chairman called on Professor Chant before taking up the 
usual preliminary items of the programme. 

The pendulum was already in place suspended from the high ceiling 
of the Physics building and directly beneath was a board on which could be 
seen two piles of sand about 30 inches apart. The ball of the pendulum 
was perfectly sphercial and it was explained that a fine wire was desir- 
able just heavy enough to carry the weight. The weight was held to one 
side by string before the demonstration commenced, to get an even move- 
ment Prof. Chant burned the string and immediately the pendulum started 
cn its path across the board, ploughing through the piles of sand. 

It is a law that bodies once started continue to vibrate in the same plane 
and as, in the case of the pendulum, the rotation of the earth would not 
affect it, if any apparent change took place in the plane of the pendulum 
it was evident that the table on which the sand piles were placed had shifted. 

Dr. Chant computed for the latitude of Torono a change of 11° per 
hour. By means of a scale on which the shadow of the pendulum was cast 
this change was actually shown to be taking place. The sand piles also 
showed the same change; the pendulum in ploughing through the sand had 
displaced it several inches on each side. This interesting experiment has 
been tried in many parts of the world in the southern hemisphere as well as 
the northern and always with the same satisfactory results. The apparatus 
was first designed by Foucault, and after his death one used by him was 
presented to a Paris museum and is still in operation there. 

Mr. Hunter made some predictions of phenomena, followed by Mr. 
Miller, who spoke of his observations of the recent activity of sunspots. 

Mr. Stanford showed a series of splendid slides, including some par- 
ticularly interesting ones on Mars. 

A. Kennepy, Recorder. 
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